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this snow formed of water of the same chemical composi- 


_ tion as that of our earth? Possibly, nay probably, it is. 


And what is water? It is an oxide of hydrogen. 


| Now oxygen and hydrogen are diffused through all space, 


and may be regarded as, in some sort, primordial elements. 
We may suppose that the combination of those two 


| elements is produced on Mars and Venus in the same 


manner as on our earth, for all our observations concur in 


| favour of this conclusion. 


But the physical condition of water differs in different 
worlds, varying according to the temperature, atmospheric 
pressure and dimensions of the planet, the distribution of 
its climates, its geological and geographical conditions, its 


| density, &c. Observation leads us to the conclusion that 
| the circulation of water on the surface of Mars is by no 
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THE CIRCULATION OF WATER IN THE 
ATMOSPHERE OF MARS. 


By Camittz FLawmarion, F.R.A.S., 


Terres du Ciel,’ ‘*‘ La Planéte Mars,’ ete. 
HE circulation of water on the earth’s surface is 


necessary for terrestrial life. All living creatures 
are essentially composed of water—the human 


| tidal rivers of the world to fill it again. 


- Author of ‘“‘ Astronomie Populaire,”’ ‘ Les Etoiles,” “ Les | 


body itself contains it in the proportion of | 


seventy per cent.—all require it to live. We have 
no right, however, to assert that the same law prevails on 
all the other worlds of the universe ; indeed, the study of 
nature teaches us to be guarded in our assertions, inasmuch 
as nature herself shows us that she is infinite in the 
variety of her productions. Should one world be absolutely 
destitute of water, this is no sufficient reason for us to 
declare it to be uninhabited. Do not let us attempt to 
shut up our ideas in a nutshell. Man, deprived of oxygen, 


dies, yet, even on our little planet, there are beings to | 


which oxygen is fatal. 


Still, the orbs of any given planetary system have certain | 


affinities of origin, especially when next-door neighbours, 
like Mars and theearth. On Mars we observe polar snows 
which are very extensive at the end of every winter,but which 
by the end of summer have almost entirely disappeared. Is 


means carried out according to the laws that govern its 
circulation on the surface of our earth. 

Here the mechanism is tolerably simple. Three- 
quarters of the globe are covered with water, evaporation 
is considerable, the atmosphere is dense, solar heat 
perpetually draws off a great quantity of water from the 
ocean surface, raises it in the form of invisible vapour to a 
certain height, where it condenses into clouds, and where 
winds of considerable power, that owe their force directly to 
the density of our atmosphere, carry the clouds across conti- 
nents. Thus transported, aqueous vapours, by dissolving 
into rain or clouds, give their origin to springs, brooks, 
streams, and rivers, and bear back to the sea the water that 
has been raised from it by the action of the sun’s rays. 

We may estimate the volume of water thus annually 
carried off by the atmosphere at 721 trillions (721 x 10!) 
of cubic métres—that is to say, about the 4400th part of 
the total amount of sea water, which is estimated at 3200 
quadrillions of cubic métres. Supposing the ocean-bed were 
emptied, it would take forty-four thousand years for all the 
The solar heat 
used in effecting this process of evaporation of watery 
vapour thus raised to the mean height of the clouds would 
melt eleven thousand millions of cubic métres of iron a 
year—that is to. say, a much more considerable mass than 
the whole mountain range of the Alps. In the space of a 
year each square métre of the earth’s surface receives 
2,818,157 of calories—i.e., more than twenty-three 
thousand millions of calories per French hectare, that is 
to say, 9,852,200,000,000 kilogrammétres. The sun’s 
heat-radiation exercised on one of our hectares develops 
over that area, under a thousand varied forms, a power 
equivalent to the continuous working of 4163 horse-power. 
Over the whole earth its force is of 510 sextillions of kilo- 
grammeétres, or 217,316,000,000,000 horse-power. 

But very different conditions obtain on the surface of 
Mars. In the first place, the heat which that planet 
receives from the sun is less, its distance being 1:52, or 
about half as much again as that of the earth, and the 
quantity of heat being 0:43, say less by more than one half 
than we receive here. But, on the other hand, on Mars 
the year is nearly as long again as our year, being of 688 or 
689 days. The heat accumulated on one of its hemispheres 
during summer would suffice to melt a thick layer of snow, 
although on the earth, which is nearer to the sun, the six 
months of the summer season are not sufficient to do so. 
When the snow begins to melt, a small supply of additional 
heat is often sufficient to complete the dissolving process. 

We must now consider another point of the greatest 
importance. Our terrestrial atmosphere is very heavy. 
At the sea level this atmospheric pressure is equivalent to 
a column of mercury of 0°760 métre. The pressure is of 
1033 grammes to the square centimétre, or of 103 kilo- 
grammes to the square décimétre, or 10,330 kilogrammes 
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to the square métre. Now the earth’s total superficies is 
of about 510 millions of square kilométres; the whole 
atmosphere, therefore, weighs 5 quintillions, 268 quad- 
rillions of kilogrammes—that is to say, a little less than 
the millionth part of the weight of our terrestrial globe. 
The Martian atmosphere is incomparably lighter. 
Gravity at the surface of Mars being much feebler than at 


the surface of our earth (0°376), all bodies there weigh less in | 


the same proportion, and the atmosphere is in the same case. 
If every square métre of the surface of Mars supported the 





| They are certainly not clouds of rain or tempest. 


same atmosphere as ours, the pressure of that atmosphere 
would be reduced in the preceding proportion ; that is to say, | 
that the barometer, instead of being at 760 millimétres at | 


the sea level, would only be at 286 millimétres. 
pressure which we find in a balloon at a height of 8000 
métres, or on the summits of lofty mountains. At the 
summit of Mont Blanc the pressure is one of 424 millimétres. 

It is very certain that the atmosphere of Mars is not 
analogous to ours, and that water there is not in the same 
condition as with us; for if it were so, the temperature 
at the planet’s surface would be below zero, even without 
taking into account its greater distance from the sun, and 
we should have before our eyes a globe of ice, which is not 
thecase. On the contrary, we discover on Mars snow con- 


This is the | 


see nothing but canals running from one sea to another. 
Every canal begins and ends either in a sea or in a lake, or 
in another canal, or lastly at the intersection of several 
other canals, but none of them has ever been brought to 
an abrupt conclusion in the midst of land—a fact which is 
of the highest importance. Moreover, they intersect each 
other at every possible angle. 

Clouds, on the other hand, are extremely rare on Mars, 
and perhaps they are only thin mists or light cirrus. 
At the 
time of the last opposition of 1894, at the observatory of 
Juvisy, when we had our eyes, so to speak, constantly fixed 
on Mars, the planet showed itself to us, as usual, perpetually 
clear, with the exception of the 10th of October and for a few 
days after, during which I ascertained that the Cimmerian 


| and Tyrrhenian seas were masked by a veil of clouds. These 


fined within well-defined limits, and these limits vary with | 


the temperature, and if we observe a Martian hemisphere 
during its summer it has less snow at its pole than we have at 
ours. Those patches of snow that we perceive from time to 
time at certain points of the temperate regions are also melted. 

Both observation and calculation bring us to the 
conclusion that this atmosphere of Mars is less dense 
than ours, that it forms less cloud, that its currents have 
less intensity, that its winds are never very high, and that 
it is visited by no tempests. Its conditions as to density 
and pressure are very different from those that prevail 
here. 


100°. The zero point at which water freezes is not the 
same as on our planet. Its atmosphere cannot be either 
chemically or physically the same as ours. 

Its mean temperature may be higher than that of the 


On Mars, evaporation must be easy and rapid; | 


the boiling point there is doubtless about 46° instead of | periodical duplication ; and it was only the other day that 


veils are very rare on Mars, whereas on the earth they are 
perpetual. There is, perhaps, not a single day in the year on 
which the whole surface of the earth can be discovered and 
clearly seen in space. In short, the meteorological con- 
ditions prevailing in the two worlds are absolutely unlike. 
Furthermore, in the highly-rarefied atmosphere of Mars, 
there are no intense winds, nothing analogous to our trade 
winds, or to the réyime of predominant winds which govern 
our terrestrial climates. Sometimes we can perceive very 
long trails of snow, apparently produced by currents in a 
tranquil atmosphere, as, for instance, those which Mr. 
Schiaparelli observed in November and December, 1881, 
round the north pole and extending very far (vide ‘‘ The 
Planet Mars,’’ p. 741, fig. 263) ; but these are exceptions. 
Fine weather is the normal state of the Martian climates. 
Of course, we must not deceive ourselves as to the 


| accuracy of our Martian knowledge. We do not see every- 


| thing. 
which may characterize the canals. 


earth. The effects observed correspond to a higher mean | 


degree of ambient heat relatively to the collective conditions 


of both planets. 
We know that the atmosphere serves as a hothouse for 


the conservation of the heat derived from the sun, and to | é 
to inundations over immense tracts of land, over hundreds 


prevent its loss by radiation into space, but it is not air 
properly speaking—the mixture of oxygen and nitrogen— 
that possesses this property, but aqueous vapour. A 
molecule of water vapour is 16,000 times more efficacious 
than a molecule of dry air in preserving heat. 


vapours of sulphuric, formic, and acetic ethers, of amylene, 
ethyl iodide, chloroform, and carbon bisulphide possess 
it likewise. The atmosphere of Mars, rarefied as it 


certainly is, can hold vapours of this kind in suspension, | 
| the inhabitants for the distribution of their waters, or they 


and preserve at the planet’s surface a temperature equal to, 

or even higher than the mean temperature of the earth. 
But it is scarcely necessary to imagine anything else 

than water analogous to ours, since the Martian snow so 


We have never seen the delicate ramifications 
We know neither the 
width of the narrowest, nor the laws which govern their 


we ascertained indubitably that they transport the sea 
waters from one point to another. Mr. Maunder was 
perfectly right in thinking that ‘‘we cannot assume that 
what we are able to discern is really the ultimate structure 
of the body we are examining.’’ This ignorance of ours 
may hide a whole world of unknown realities. Nevertheless, 


| we may, perhaps, try to form some idea of what takes 


place in the circulation of its waters. 
The melting of the polar snow almost always gives rise 


of thousands of square kilométres. The seas encroach far 
into the interior of the lands; the canals grow wider; fresh 
canals, often of great magnitude, appear; and islands, 


Nor is | peninsulas, and portions of continents become submerged. 
water the only body that can boast of this property. The | Everything proves to us that the surface of the planet is 


one immense plain, and that mountains are very rare. 
The canals may be natural grooves due to the evolution of 


| the planet itself, just as the English and the Mozambique 


Channels are on our earth, or they may be furrows dug by 


| may be both—that is to say, they may be natural formations, 


closely resembles our snow in its winter invasions and | 


summer dissolution, and by the inundations by which its | 


melting is followed, that we may look upon it as almost 
identical with ours. 

The real difference is in the mode of circulation. On 
Mars, oceanic evaporation does not give rise, as with us, to 
clouds, 1ains, springs, and rivers. 

None of the great water-courses with which we are 
acquainted on Mars finds its source on terra-firma. We 


rectified by intelligence. We will not attempt, as some 
have done, to calculate the work represented by the con- 
struction of this geometrical network, for the conditions 
of the planet’s surface, the nature of its materials, its density 
and gravity, the muscular force, machinery, and character 
of its humanity, are so different from terrestrial conditions 
that there can be no analogy between them. But what is 
certain is that these canals serve to effect the circulation 
of water, and constitute a hydrographic system of the 
most ingenious character. It may be objected that this 
admirable system does not prevent inundations. No, but it 
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regulates them; it is, as it were, a Nile embanked and 
controlled in its course. 

The periodical inundation caused each Martian summer 
by the melting of the snows is distributed far and wide by 
this network of canals, which seem to be the chief, if not 
the only means by which water, and with it organic life, 
can be distributed over the surface of this planet. At this 
season the canals appear encompassed by a dark zone 
forming a species of temporary sea. The canals of the 
surrounding region then become darker and wider, and cover 
vast tracts of land. Things remain in this state until the 
polar snow is at its minimum. The melting process is 
at an end, the breadth of the canals diminishes, the 
temporary seas disappear, and the continents become 
yellow once more. This great phenomenon occurs in all the 
region comprised between the pole and the sixtieth degree 
of latitude, and is renewed every summer. Over the 
planet’s whole surface the canal system is unstable. 
When the canals become troubled, and their contours 
doubtful and ill-defined, it seems as if the water must be 
very low, or have entirely disappeared. Nothing remains 
where the canals once were; or, rather, we descry a 
yellowish streak, differing very little from the surrounding 
territory. In the months that precede and follow the 
great northern inundation, towards the period of the 
equinoxes, the canals become doubled. In consequence 
of a rapid modification which is effected in a few days, 
perhaps even in a few hours, such and such a canal is 
transformed throughout its whole length into two parallel 
lines, which run with the geometrical precision of the 
two rails of a railway, and follow the exact direction of the 
primitive canal. These newer canals have, like the first, 
a width of from fifty to a hundred kilométres or more, and 
are separated by an interval of from fifty to five or six 
hundred kilométres. The colour of these lines varies from 
black to red, and is easily distinguishable from the yellow 
of the continents. The intermediary space is generally 
yellow, sometimes whitish. This gemination also takes 
place in the lakes, which become duplicated as well. 

Whatever may be the explanation of these changes, 
unknown to our earth, we may conclude that on the 
surface of the planet Mars water circulates, not by a 
system of clouds, rains or springs like ours, but by the 
melting of the polar snow, and by the horizontal and 
interlaced canals which distribute it over the entire body 
of the continents. Then it seems to evaporate and to 
become condensed almost solely on the colder polar zones 
which receive it in the state of snow. 

Mars, then, is quite another world, differing greatly 
from the one we inhabit, yet no less alive than ours, 
in more active motion, and more agitated in some respects, 
though with a climate which is doubtless very agreeable 
from the constant serenity and from the absence of inclement 
weather, rains and tempests, which characterize, unhappily, 
the great majority of earthly climates. The days are 
slightly longer there than with us, and the year is nearly 
twice as long as ours. 








WITH THE SECOND PEARY GREENLAND 
EXPEDITION. 


By Ervinp Astrup (First Officer, Peary Expeditions). 


HE Falcon left us in Inglefield Gulf, on the coast 

of Greenland, towards the close of August, 1898, 

and from that moment all communication with 

the outer world was at an end. During the next 

few days we finished building our house, which 

Peary christened ‘‘ Anniversary Lodge,” in commemoration 





of his second wedding day, which he kept in this forlorn spot 
together with his wife. I was busily engaged in bringing 
some five thousand pounds of provisions upon the inland ice, 
which in this locality lies four English miles from the coast, 
and at a height of about three thousand feet above the sea. 
Twenty native Eskimo assisted in the work. It was to have 
been done by the mules, but as only three of these animals 
out of the eight we brought were alive, and as they soon 
showed themselves as incapable of traversing the ground 
in Greenland as of standing the severe climate, they had 
to be destroyed. By the 29th all provisions had been 
brought up, and on September 2nd, assisted by Lee, 
Davidson. and Carr, and with some forty dogs, the laborious 
work of transporting all the goods on sledges inland, across 
the plateau in a north-easterly direction, was commenced. 
Originally it was the intention to have a limited depot of a 
portion of the provisions established a couple of hundred 








The Edge of the Great “ Ice-Cap.” 


miles from the coast; but this plan had to be modified, 
and the whole quantity of five thousand pounds of provisions 
was brought, though, of course, not so far. By this means 
the exhaustive labour on the main journey in the first 
heavy land risings was avoided, as our sleighs were almost 
empty until the depot was reached. 

The weather during the first half of September was 
fairly favourable, the lowest temperature not being below 
thirty degrees of frost (Fahrenheit). But progress was, 
nevertheless, slow. We had to cover every distance 
advanced five or six times, and we had much trouble with 
the dogs, which were strange to each other as well as to 
us. The three sledges made in Christiania proved invalu- 
able, as all the sleighing material which had been specially 
constructed in America was a complete failure. About 
the middle of September I awoke one morning with a 
splitting headache, which grew worse as the day advanced, 
and early in the afternoon I turned into my sleeping-bag, 
to see if I could sleep it off. But in the night fever set 
in, and I had to remain in the bag all the next day, andas 
I was worse on the following morning, my companions 
advised me to return to the house and consult the doctor. 
A couple of good dog-spans brought us to the edge of the 
inland ice on the same day, and a few hours later we 
were at the lodge, where the kindest attention was shown 
me by Dr. Vincent. He declared that I had symptoms of 
typhoid fever, caused by the repeated “‘ eating of diseased 
pemmican.” The greater part of the pemmican with the 
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expedition was more or less diseased, having been pre- 
pared for the Greenland expedition ten years previously ! 
It had not been used at all by that expedition, and was 
sold on its return by auction to an “ honest dealer,’’ and 
repurchased for a mere trifle for our expedition. Under 


—-- -4 














An Iceberg. 


the care of Dr. Vincent I was soon on my legs again, 
Peary having meanwhile assisted in the transport of the 
provisions. He succeeded at first in bringing them some 
distance further in, about thirty miles from the coast, but 
terrific and continuous equinoctial gales arrested the work. 
However, the chief object of the autumn had been 
accomplished—the entire provision depdt was past the 
long, killing land risings, and on comparatively level ice. 
During all the time thus occupied 


minimum the use of paraffin for heating our dwelling, 
and the much-talked-of electric light never put in an 
appearance, so that we had our fair share of darkness, and 
this did little to cheer the spirits of the ladies of our party. 

With the commencement of winter we were again 
visited by our Eskimo friends, who assisted us most 
indefatigably and cheerfully through thick and thin, and 
often let us have meat for our dogs when their own starved. 

December was mostly employed in preparing for the 
great sledge journey of the spring, and skins were dried, 
cut up, and sewn into garments and sleeping-bags. 
Sleighs, too, had to be made, as the three Norwegian ones 
would not suffice for the work. We had no suitable wood, 
but, fortunately, we had plenty of Norwegian ‘‘Ski’’ or 
snow-shoes, and from these eight sledges were made, but 
they were, of course, very faulty. A similar number were 
made by another of our party from some seven-foot ash 
deals, but they proved too short. We were really crippled 
before we started, but, nevertheless, Peary did not lose 
his cheerful courage. 

Christmas was celebrated in orthodox fashion, and like- 
wise the New Year, which was entered upon with renewed 
spirits of cheerfulness and energy. Frequent and long 
journeys to the neighbouring Eskimo colonies were now 
performed, in order to provide food for our South Green- 
land dogs, of whom we still had forty. Several hunting 
parties- were likewise dispatched, and they hardly ever 
returned empty-handed. At the end of January I was 
dispatched on an expedition to the site of our old ‘‘ Redcliff 
House” to search for coal, Peary having the year before 
left there some hundreds-weight of this precious article ; 
but all we could gather after hours of grubbing in the deep 


| snow was a sackful, though that was something, for 





by those who had to bring in the 
provisions the other members of the 
expedition were employed in various 
ways, and particularly in shooting 
reindeer, for winter was rapidly 
approaching and we greatly needed 
meat. Some seventy deer were 
killed in September and October. 
The autumn was unusually mild 
and rainy, and in consequence very 
unpleasant. Not till the first days 
of November did the ice cover 
Bomdoin Bay, or just a month later 
than in 1891. On October 26th we 
said goodbye to the sun; for four 
long, dreary months it would remain 
away. Our winter life haa now 
commenced ! 

On the 1st of November a catas- 
trophe occurred, which might have 
ended disastrously to all of us. An 
enormous iceberg close to our house 
fell into the sea, causing a huge 
reactionary wave to wash over the 
shore, and the water covered our 
gurroundings up to twenty feet 
above the highest tidal mark, tearing 
away as it returned to the sea our 
entire store of paraffin oil. These 
thirty barrels were destined to heat our house and cook our 
food during the long winter nights. Luckily, we were able 
to fish out all the barrels except four, which were com- 
pletely smashed, but some had sprung leaks, and the oil 
wasted, which, however, was only discovered later on. After 
this alarming event, it became necessary to reduce to a 





ad . a 
. a Sldey PR a e_ 








Teliagege 





Eskimo Skin- Boats. 


during the next few days we were able to enjoy a tiny 
fire in the ante-room. The glow, the heat, the joy, and 
the cheeriness of those picture-telling nobs in the semi- 
darkness of the Polar night! The stove was made of two 
barrels, with some sheets of corrugated iron and some 
stones. 
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The greatest cold of the winter was experienced early in 
February, but there were not more than fifty-two degrees of 
frost (Fahrenheit), which is fourteen degrees less than in the 
winter of 1891-92. Indeed, last winter was, on the whole, 
rather milder than the former, but the spring was cold and 
late. On February 14th we greeted the returning dawn, and 
soon after, the final purchase of dogs was made for the all- 
important journey. The natives had quite a superfluity of 
dogs, so that we easily obtained thirty, making seventy in all. 

On March 6th all the necessaries for the expedition had 
been brought up to the ice edge. The equipment was the 
best possible under the circumstances. Peary would not 
take with him a tent of any size, as he thought it would 
be an unnecessary luxury with the warm double reindeer 
suits. So far from sharing his view in this, I had already 
last autumn expressed the decided opinion that not only 
would ordinary canvas tents be necessary, but even tents 
of reindeer or sealskin, considering the terribly low tem- 
peratures which are experienced in winter on the inland 
ice of Greenland, and with the terrific bone-penetrating 
spring storms which sweep the plateau. On the 7th the 
expedition was collected at the autumn depot, where the 
journey was to commence. There was a small tent left 











Eskimo Puppies, 


here, and this Peary had selected. It was quite insufficient 
to shelter the members. During our sojourn at the depot, 
I was again seized with illness from eating our pemmican, 
so that it was decided that I should not hamper an 
expedition of such importance, and I returned with Peary 
and Lee to Anniversary Lodge. Peary had left some 
effects behind, which he required, and Lee had his foot 
frozen so that he could not walk. 

It was depressing in the extreme to be debarred from 
sharing in the long-looked-for journey, which was to eclipse 
all our achievements of the previous year, but there was 
no help for it. 

On Monday, March 26th, Dr. Vincent returned with 
Davidson, who had his foot very badly frostbitten during a 
terrible equinoctial gale which raged here on March 22nd 
and 23rd. During this storm the temperature fell to 
fifty degrees of frost (Fahrenheit), which is an unusual 
phenomenon with such a terrific wind as then blew. They 
were all together in a little tent during the gale, and every 
moment it threatened to split, and there is but one opinion 
among the party, that had this happened, not a single one 
would have returned to tell the tale. Several of the hardy 
dogs were afterwards found frozen to death, and all were 
more or less affected. 

I had no further news of the party till May Ist, as I 
was engaged in a sledge journey to the unexplored shores 
of Melville Bay. 


On this journey I was accompanied by a faithful Eskimo 
friend. Beyond the geographical results of this expedition, 
| including the discovery of the greatest hitherto known 
| glacial complex with outflows in Greenland, we experienced 
some exciting adventures in hunting Polar bears, reindeer, 
seals, silver foxes, and other animals, and we had some 
curious encounters and sojourns with the natives in these 
remote parts. On my return I learned of the sad fate of 
Peary and his gallant companions. The dogs had mostly 
died under the terrible frost—sometimes fifty degrees of 
frost (Fahrenheit)—and Mr. Entriken had both feet frozen so 
that he could not walk. Al) had suffered more or less; in 
fact, besides Peary there was only one man left to continue 
the venture, which was therefore abandoned. 

The rest of the spring now sped rapidly, but to add to 
our miseries the provisions began to give out, which 
caused general indignation, as we had been told that we 
were provisioned for two years. The result was a general 
longing for the Falcon. 

At last, one sunny evening towards the end of July, the 
whole colony was suddenly roused by the welcome news 
of two Eskimo messengers. My pen fails to describe the 
joy which ensued at the gladdening news, the escape of 
long-pent-up feelings and suspense. irom twenty stentorian 
throats hurrah upon hurrah rose on the still summer 
air, and the echoes reverberated again and again from the 
straight towering walls of Mount Bartlett, gradually dying 
away among distant hills and glaciers. We were saved 
from a horrible starvation. 

The expedition is not at an end, as Peary nobly remains 
on those bleak and inhospitable shores one year longer, 
having obtained provisions and coal from the ship. He 
has with him a young man, Lee, and his faithful nigger, 
Matt. The rest of the expedition cannot disguise their 
delight and thankfulness at being all safe once more 
among civilized surroundings. 











THE EVOLUTION OF FRUITS. 
By C. F. Marsnatz, M.D., B.Se., F.R.C.S. 


CCORDING to its botanical definition, a fruit is 
simply the matured ovary of the plant after 
fertilization has taken place. If this is compared 
with the structures popularly known as “ fruits,”’ 
we shall find that in many of these so-called 

fruits other parts of the flower are included besides the 
matured ovary. 

Let us take the simplest form of fruit, which is called 
an achene: this is simply a case enclosing a single seed. 
The buttercup affords a typical example of such a fruit, 
and each of the so-called yellow ‘‘seeds”’ of the strawberry 
is an individual achene. The seed-case of the achene is 

known as the pericarp, and this usually 
consists of three layers; an outer the 
ep epicarp, an inner the endocarp, and a 
™m middle one the mesocarp. 
én The simplest form of succulent fruit 
is the drupe. In this the seed-case has 
s become succulent and fleshy, and its 
three component parts are distinguish- 
able and have taken on different func- 
Fic.1.—Diagram tions, for reasons which we shall after- 
gin ec wards see. The epicarp forms an ex- 
docarp; m, meso. ternal, usually brightly coloured skin; 
carp; s, seed. the endocarp forms a hard protective 
covering for the seed; while the mesocarp 
forms the succulent mass of the fruit. The cherry and 
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plum are examples of this form of fruit. Compound drupes, 
such as the blackberry and raspberry, are formed by an 
aggregation of such drupes placed on an enlarged receptacle. 


Each fruit is here called a drupel, and has exactly the | 


same structure as the cherry or plum. 

Such fruits as these are true fruits. In cases where 
other parts of the flower are included, the fruits are called 
spurious fruits. Take, for example, the strawberry. In 
this the red swollen mass which we eat is simply the end 
of the stalk (or ‘‘ receptacle,” as it is called), which has 
become succulent, while the fruits themselves are the 
small yellow bodies commonly known as seeds. Again, 
the receptacle, instead of bulging out as in the strawberry, 
may become hollowed out so as to enclose a cavity in 
which are placed the separate fruits, Such a fruit is 
found in the fig. The fig may thus be considered as an 
invaginated strawberry. 

The type of fruit termed a berry is a succulent fruit in 
which the seeds are imbedded in a pulpy mass, as the 
gooseberry and grape. The blackberry, raspberry and 
strawberry, we have seen, are not true berries at all. 

The apple is a still more modified form, since the 
calyx-tube, in addition to the pericarp, encloses the seeds. 


Here it is the calyx-tube which has become succulent and | 


forms most of the edible part of the fruit. The mesocarp 
is also succulent, while the epicarp and endocarp form two 
horny cases enclosing the seeds. 

Finally, let us consider the mulberry, which is the most 
modified of all. While externally it somewhat resembles 
the blackberry, it is in reality entirely different, being 
formed by a dense mass of flowers, the petals of which 
have become succulent. 

These few familiar examples will suffice to show what 


diverse parts of a flower contribute to the formation of | 


what are popularly known as fruits, and also how different 
parts may become succulent. In the cherry, raspberry, 
blackberry, and others, it is the 
true seed-case which becomes 
succulent; in the strawberry 
and fig it is the swollen stalk ; 
in the apple it is the calyx-tube; 
and in the mulberry it is the 
petals of the flowers themselves. 
Ss Now let us consider the 
reasons why some fruits are 
succulent and others hard; 
why some are sweet and others 
bitter ; why some are brightly 
coloured and others dull. We 
must first bear in mind that the primary object of all 
fruits is the perpetuation of their species by means of 
dispersing their seeds. It is obviously of advantage for 
the seeds to be scattered over as wide an area as possible, 
because only a certain number of plants can grow in a 
certain area of ground. Now the seeds have no inherent 
power of locomotion, hence they must avail themselves of 
such opportunities as occur. The simplest agent in the 
dispersal of seeds is the wind, and seeds which avail 
themselves of this means are either minute, so as to be 
easily blown about, or else they are downy—as the 
dandelion—so that they can float a long way in the air. 
The second means of dispersal is by animals, chiefly birds, 
and such seeds avail themselves of this means which 
cannot be dispersed by the wind. Animals may cause 
dispersal of seeds in two ways: ‘first, by carrying earth, 
containing imbedded seeds, in their claws. A good ex- 
ample of this is given by Darwin (‘‘ Origin of Species,” page 
328), who obtained a piece of earth which had been found 
attached to the leg of a partridge, and since then had been 
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Fic. 2.-—Diagram of Cherry 
(or Drupe): ep, epicarp 5 ON, 
endocarp; m, mesocarp; s, 


seed, 











kept three years. From the seeds imbedded in this piece 
of earth no less than eighty-two plants were obtained. 
This also shows the length of time that seeds retain their 
power of germination. The second and principal method 
of dispersal by animals is by the seeds being swallowed as 
food. The seeds of such fruits as are eaten by animals are 
protected by a hard coat, which is capable of resisting the 
action of the digestive fluids of the stomach and intestines. 
These seeds pass out uninjured in the feces, and are 
dispersed by the wanderings of the animal which swallows 
them. Fruits which attain dispersal in this way become 
as sweet and succulent as possible, and also acquire bright 
colours in order to attract birds and other animals. This 
does not take place till they are ripe, for otherwise they 
would be eaten before the seeds were mature. Take, for 
example, the wild strawberry. The young strawberry is 
green and sour, to prevent being eaten till the seeds are 
mature. During the time when the seeds are attaining 
maturity the receptacle becomes 
red and succulent, thereby at- 
tracting the notice of birds. 
The birds swallow the pulpy 
receptacle, and with it the 
small yellow fruits, which pass 
through the alimentary canal 
of the bird uninjured, and so 
become dispersed during the 
flight of the bird. Hence we 
see that the reason for fruits 
becoming succulent is in order 
that they may form attractive 
food for birds and _ other 
animals, and so ensure dis- 
persal of their seeds. Such fruits are called attractive 
fruits. But although this explanation will account for the 
origin and structure of very many fruits, it clearly will 
not do so for all. For the group of fruits comprised under 
the term “‘ nuts” a different explanation is required. 

In the ‘‘ nuts” it is the seed itself which is nutritious, 
owing to the large store of albuminous matter destined for 
the young embryo plant. Owing to this large store of 
food, these fruits do not require dispersal, and hence do 
not become attractive; on the contrary, they are repulsive 


Fig. 3.—Diagram of Straw- 
berry, showing enlarged recep- 
tacle, r, covered with Achenes, 
or individual fruits, @. 


| to animals and birds, while all their energies are devoted 


to prevent their getting eaten in order to preserve their 
nutritious seeds, as it is evident that these seeds, being 
digestible, would cause destruction of the species if they 
became eaten. Such fruits are known as deterrent fruits. 
These deterrent fruits may be protected by a prickly coat 
as in the chestnut, or a nauseous covering as in the 
walnut; and it is interesting to note that it is the same 
part of the fruit which is filled with bitter essence in the 
walnut that in the cherry or plum is succulent. Again, 
deterrent fruits, instead of being brightly coloured, are 
invariably green while on the tree and brown like the soil 
when they fall to the ground, these protective colourings 
increasing the security against being eaten by animals. 
The extent of the protection depends on the animal to 
whose attacks the nuts are exposed. The European walnut, 
for instance, has only a few woodland animals to guard 
against, while the American butternut has to withstand 
the teeth of the forest-rodents. 

Take, for example, the cocoanut. This contains a large 
store of food-stuff intended for the embryo plant, enclosed 
in a hard shell surrounded by a fibrous coat. The cocoanut 
grows at a considerable height from the ground, and so has 
to fall some distance when ripe; the function of the 
fibrous coating is, therefore, to break the fall of the nut, 
while the hard shell protects it against the attacks of 
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animals, one small place only being soft for the embryo 
plant to push through. 

An interesting fact may be mentioned here, showing the 
possibility of the conversion of a deterrent into an attrac- 
tive fruit, for Darwin states that there is considerable 
evidence to show that the peach has been derived from the 
almond by artificial selection. 

Let us now consider the origin of fruits. The doctrine 
of natural selection tells us that, in uncultivated plants 
in a state of nature, no part can be present that is not of 
direct use to the plant ; and in the 
case of fruits, no part can be present 
that is not directly concerned with 
the preservation and dispersal of its 
seeds. Hence it is absurd to suppose 
that fruits were created for man’s 
special benefit, for, in the first place, 
fruits are abundant in parts of the 
world where man is seldom or never 
seen ; and secondly, if man were the 
chief eater of fruits, such fruits 
would soon disappear, for their seeds 
would not be sufficiently dispersed 
or deposited in suitable places for 
germination. 

In fact, the origin of fruits fur- 
nishes us with some of the best 
examples of the doctrine of natural 
selection, for in the case of plants 
we at once get rid of the idea of 
voluntary action, so difficult to escape in the case of 
animals, We are apt to imagine an animal consciously 
striving to better itself in the struggle for existence, but 
with plants this predisposition is avoided, as we should 
never imagine a fruit striving consciously to make itself 
more succulent. 

First let us discuss the origin of attractive fruits. All 
succulent fruits were not originally alike ; some happened 
at one time to be sweeter than others, owing to an 
accidental deposit of sugary matter in the tissues. These 
were at once eaten by birds and the more sour ones 
rejected ; hence the sweet ones survived, and their seeds, 
having been uninjured by digestion, became dispersed, 
and gave rise to others which reproduced the characters 
of their parents. The most attractive of these were again 
eaten, and survived ; and so on, generation after generation, 


Fig. 4.—Diagram of 
lig, showing invaginated 
receptacle lined with 
Achenes. 


Fie. 5.—Diagram of Apple, showing succulent calyx and mesocarp, 
and fibrous epicarp and endocarp. 
the fruits becoming more and more succulent, because the 
succulent ones only survived, in this group of fruits. 
This process may be carried still further by artificial 
selection, so that: the original object of the fruits is lost, 
and fruits can be produced which have no seeds. In this 











way finer fruits are produced, as the nutriment, originally 
intended for the seed, goes to increase the supply for the fruit. 

We should naturally expect that attractive fruits did 
not appear on the earth till there were animals which 
would eat them ; both must have developed simultaneously, 
and in mutual dependence on each other. So we find no 
traces of succulent fruits even in so late a geological 
formation as that of the lias or cretaceous cliffs, for the 
simple reason that there were no animals to eat them, 
the birds of that period being carnivorous, while the 
mammals were mostly primeval kangaroos or savage 
marsupial wolves. It is only in the modern tertiary 
period that we find the earliest traces of the rose family, 
the greatest fruit-bearing tribe of our modern world. 

The origin of the deterrent fruits is the exact opposite 
of that of the attractive fruits. The seeds of these were 
stored with food for the young plant, and were exposed to 
the attacks of birds, monkeys, and other animals. Since 
no two fruits were exactly alike, some happened to have 
a harder or more bitter shell than the others; these were 
consequently avoided, and so survived. The hungrier 
their foes, the more need was there for protection, and so 
the hardness and bitterness of the shell went on increasing 
from generation to generation, for only the hard and bitter 
ones survived. The nut which best survives on the 
average is that which is the least conspicuous in colour, 
has a rind of the most objectionable taste, and is enclosed 
in the hardest shell. 

Thus there is in nature a continuous battle between plants 
and the animals which feed upon them, those animals 
only surviving which manage to overcome the protective 
devices of plants, and those plants only surviving 
whose protection is good enough to defy the attacks of 
animals. 


THE WHITE-BREASTED ALBATROS 
LAYSAN ISLAND. 


HE Hon. Walter Rothschild is well known as a keen 
and energetic worker in the cause of science, but 
the greater number of our readers are perhaps 
unaware of how much he has done in bringing 
new species of birds to light, by means of his 

collectors in all parts of the world. 

It is now some four years ago that Mr. Rothschild sent 
out a collector—Henry Palmer—to explore the small 
islands and sandbanks scattered about in the Pacific Ocean 
in a north-westerly direction from the Sandwich Islands. 

Up to that time, these islands were virgin land to the 
ornithologist. The discovery, however, by Henry Palmer 
of many species of birds perfectly new to science fully 
justified Mr. Rothschild in deciding to have these out-of- 
the-way reefs ornithologically explored. 

By far the most interesting island of the group is Laysan 
or Moller Island, a small stretch of land about three miles 
long and two and a half broad, surrounded by a reef, and 
having in it a salt lagoon of some one hundred acres in 
extent. It is covered with a luxuriant growth of coarse grass 
and of low shrubs, and possesses a few pigmy palms. There 
are a few huts on it, and it is occupied by a guano company. 

The island literally swarms with birds. An idea of 
their enormous numbers may be gathered from Palmer's 
own words on the first day he spent on Laysan :— 

‘«‘T have seen so many birds, and have been so excited, 
that I must leave my description of them till I have seen 
more at my leisure.” 

The most numerous bird on the island is the white- 
breasted albatros, or the gooney (Miomedea immutabilis 
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Rothsch). By the courtesy of Mr. Rothschild we are 
enabled to reproduce two beautiful photographs of these 
birds, which, together with the information presented to 
our readers, are taken from Mr. Rothschild’s grand work 
on the ‘‘ Avifauna of Laysan.” Since the limited number of 
two hundred and fifty subscribed copies only of this work 
were issued, both pictures and information will be new to 
most of our readers. 

The upper parts of the white-breasted albatros are brown 








a whistling cry; after this they begin shaking their heads 
and snapping their bills with marvellous rapidity, occa- 
sionally lifting one wing, straightening themselves out and 
blowing out their breasts; then they put their bill under 
the wing, or toss it in the air with a groaning scream, 
and walk round each other, often for fifteen minutes at 
the time.’ The smaller plate, which is from an instan- 
taneous photograph, admirably illustrates, in the birds in 
the foreground, the positions above described. 
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The White-Breasted Albatros “love-making.” From the “ Avifauna of Laysan.” 


and its under parts pure white. It is about thirty-two 
inches in length and the wing measures about nineteen 
inches. It literally covers the island of Laysan and is 
quite fearless, so much so that when Palmer went with 
Mr. Freeth, the director of the guano company, on 
a tramway-line which has been constructed, a boy was 
sent on ahead to clear the track of the young albatroses. 
Indeed, all the birds on Laysan are so tame that, with the 
exception of curlews and duck, they may be easily caught 
with a large hafid-net. 

The gooney lays a large white egg upon a round nest 
made of mud, and breeds in immense colonies. Mr. 
tothschild thus graphically describes, from the notes of 
his collector, the ‘‘love-making antics’ of this bird. 
‘‘ First they stand face to face, then they begin nodding 
and bowing vigorously, then rub their bills together with 


The full-page plate will illustrate better than words the 
immense numbers of the white-breasted albatros on Laysan 
Island at the time the photograph was taken, but since then 
Mr. Freeth, who vigorously protected the birds, has resigned 
the governorship of the island, and his successors have 
carried off the eggs wholesale. 








THE FILTRATION OF WATER. 
By Samuet Riveat, D.Sc. Lond., F.I.C. 


HE term “ filtration ”’ is now used in a much wider 
sense than formerly, and in such a way as was never 
implied when the word was originally invented. 
This has been brought about by the recent growth 
of our bacteriological knowledge, so that we have 

Dr. Drown, the well-known chemist to the Massachusetts 
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State Board of Health, in his last report, stating that one 
of the chief objects of water filtration, in most cases, is the 
removal of the disease-producing germs. Formerly the 
efficiency of a filter might be accurately measured by 
testing it with some dark-coloured, finely divided material, 
such as gunpowder, charcoal, or ultramarine, and ascer- 
taining whether these particles were kept back by the pores 
of the filter. Many of the domestic filters still commonly 
employed, when tested in this way, yield a filtrate which is 
clear and bright, proving that the pores in the filtering 
medium are sufficiently fine to strain back such particles. 


| 


It is obvious that these filters will ensure the removal of | 
all suspended matter which is of the same size, or larger, | 
than such particles, and that if a transparent bright liquid | 


only is aimed at, any filters passing such a test might be 
recommended. Unfortunately, the pathogenic or disease- 
producing bacteria are much smaller than such particles, 
and find their way through the pores of most filters. 

If, therefore, a domestic filter is to fulfil the condition 
laid down by Dr. Drown, it must be so constructed as to 
ensure that these minute organisms cannot possibly pass 
through, so that on testing the water, before and after 
filtration, the number of micro-organisms must be sensibly 
diminished. An ideal filter is one which will allow no 


organisms to pass through, but, as shown by Drs. Sims, | 
| although the results above recorded are of considerable 


Woodhead and Wood, there are practically none in exist- 
ence which fulfil this condition except the candle filters, 
and these can only be used when a pressure of water is 
available. The partial removal of the micro-organisms 
is, however, a matter of less difficulty, and filtration 
through sand is found to be very efficient in improving the 
bacterial condition of water. In America, during the last 
few years, experiments on a large scale have been 
conducted, with the result that it has been shown to be 
possible to construct filters which will yield two million 
gallons of water per acre daily, and remove 99°5 per cent. 
of the bacteria in the applied water. 

In these researches a particular bacterium (B. prodigiosus) 
was used as a test organism for ascertaining how filters 


evident that the disease was water borne, and caused from 
the inhabitants drinking the unpurified river water. In 
1892 the cholera scare induced the authorities to begin 
the construction of this filter, which was finally completed 
towards the latter end of 1893, and now that it has been 
at work for over a year, the effect of the filtration of the 
water can be estimated. Chemically, the change has con- 
sisted in the conversion of the free ammonia and organic 
ammonia into nitrates, whilst the hardness of the water 
has been slightly increased. The colour, as might be 
expected, has been much improved, but the most important 
change has been in the removal of the micro-organisms 
present in the water. Asa result of working this filter, it 
has been shown that, when properly attended to, the filter 
increases in efficiency afcer some days. The removal of 
the bacteria is, therefore, not only due to a straining 
process, but also to the conditions for the life of the 
different organisms being made unsuitable. It is well 
known that the bacteria living in water require organic 
matter as their food, and as the filter allows the oxygen of 
the air to oxidize the organic matter in the water, it 
follows that those organisms which are successful in 
passing through the filter find themselves in a medium 
which contains no food supply, and they, therefore, quickly 
perish. The total cost of the filter was about £13,000, and 


interest, this expenditure of money has already been justified 


| by the marked improvement in the health of the town. 





Thus, since the filter has been in use, the death rate of the 
town from typhoid fever has been reduced to forty per 
cent. of the former mortality, and it has also been shown 
that of this remaining forty per cent. nearly one half of 
the cases are attributable to the use of unfiltered water 
drawn from the canals. At present the returns from the 
medical officers for the autumn months of last year are not 
available, so that the effect of the filter in preventing the 


| communication of diarrheal and other diseases carried by 


made in different ways, with sand of varying dimensions, | 


behaved. 
easily distinguished from ordinary water bacteria, and in 
its mode of life in river water resembles very closely the 
behaviour of the organism which is associated with typhoid 
fever. It was supposed that if the sand removed this 
organism from the water, a filter constructed in the same 
way might be recommended for the filtration of the water 
supplied to a town, and thus ensure that such filtered 


This organism was chosen because it is very | 


water would be free from the germs of typhoid fever. At | 
| infected drinking water supply by natural sand filtration 


first it was thought that the sand used for such filters 


must be very fine, and that the rate of filtration should be | 


slow; but last year a high degree of bacterial efficiency | 


was attained by new filters of coarse sand, and operated at 
high rates of filtration. Thus, in two experimental filters, 


coarse sand having an effective size of 0°26 to 0°29 milli- | 


métres when used to a depth of sixty inches, removed over 
98 per cent. of the water bacteria, and over 99:5 per cent. 
of the applied B. prodigiosus, even when the rate of filtra- 
tion was upwards of nine million gallons per acre. The 
knowledge gained by experiments of this character has 
been made use of on a large scale for filtering the water 
supply of the city of Lawrence, in Massachusetts, with 
most satisfactory results. 
water which is contaminated with drainage from other 


This city is supplied with river | 


riparian towns, and for many years the death-rate from | 


typhoid fever was three times higher than that of other 
towns of the same size. It was also noticed that the 
annual epidemic was later at Lawrence than at Lowell, a 
town higher up the same river, so that it was clearly 


water cannot be given, but the physicians report that 
there has been a very marked improvement in the health 
of the population since the filter came into use. These 
experiments clearly prove the fact that no reliance must 
be placed on the self-purifying power of streams, as the 
previous history of the city of Lawrence testifies to the 
ready conveyance of typhoid fever down a stream, by 
sewage-polluted drinking water. The results are also 
so satisfactory that there can be no doubt that the 
construction of this filter will be speedily copied by oiher 
towns similarly situated with regard to their water supplies, 
as the practicability of protecting a community against an 


has been established. 

Although the Lawrence experiments are by thems: 1-es 
sufficiently conclusive, there is an abundance of evidence to 
show that the filtration of water, if properly carried out, 
has a very material influence upon its quality. During the 
cholera outbreak in Hamburg in 1592, it was manifest 
that the filtration of the river water, as supplied to Altona, 
practically rendered that part of the district immune from 
attacks of cholera, and Prof. Koch obtained conclusive 
evidence to show that drinking unfiltered Elbe water was 
the cause of the tremendous mortality from this outbreak. 

Since then, Hamburg has had new filtration works 
erected, and these are now at work. “The essential 
features of the Hamburg filters are somewhat different 
from those of the one at Lawrence, as the water is 
first allowed to settle in four sedimentary basins, each 
holding enough for one day’s supply, and having un area 
of about twenty acres, before being pumped on to the 
filter-beds. These filter-beds are so arranged that they 
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can be disconnected without interfering with one another, 
and consist of basins about two acres in extent. The 
material used for filtering consists of about three feet of 
fine sand, resting on eight inches of coarse sand, below 
which is an eight-inch layer of gravel and an eight-inch 
layer of small stones. The water is carefully pumped on 


Dr. Percy Frankland showed that, taking a period of three 
years, 97°5 of the micro-organisms present in the Thames 


| water were removed by the companies, and that the Hast 


to each of these filters in turn, special precautions being | 


taken not to disturb the surface of the beds, and the water is 


further not allowed to rise to a higher level than three | 


feet above the surface of the bed. In this way the rate of 
filtration is maintained at a uniform rate of about one 
hundred cubic métres per hour. The system is under careful 
bacteriological control, samples of water being frequently 
taken for examination, and as a rule the number of 
bacteria found in the filtered water do not exceed from 
ten to forty per cubic centimétre. When the number rises 
to one hundred the filter-bed is closed and remade, so that it 
will be seen that the only test as to the efficiency of the 
filter-beds is bacteriological. In Warsaw the town is 
supplied with water from the river Vistula, and elaborate 
waterworks have recently been completed for the filtering 
of this supply. The system adopted is similar to that 
which obtains in Hamburg, but the settling tanks are 
smaller, while both these and the filtering-beds are 
enclosed, so that the whole of the works are under cover. 
In this way the influence of temperature, light and dust 
are minimized, and the wa’er supplied into the city 
mains is of very uniform quality. At present it is difficult 
to say how a few feet of sand can possibly have such 
a beneficial effect upon the bacterial contents of a water. 
The surface of a sand filter, after it has been in use 


for some time, becomes covered with a film of glutinous | 


silt or slime, and the action of a filter in removing organisms 
seems to be due in a large measure to the surface action of 
this film. Under the microscope it is found to be composed 
of a mass of bacteria in the zoogleea condition, and amongst 
the organisms present are those which have nitrifying 
properties. It seems, therefore, probable that the surface 
and first few inches of a sand filter contain innumerable 
bacteria which, in presence of air, oxidize the organic 
matter contained in the water. In intermittent filters the 
necessary oxygen is derived from the air, but in many 





waters there is sufficient dissolved oxygen to render any | 


special aération of the filter-bed unnecessary. This 
biological action destroys the food supply of the water 
bacteria, and thus ensures their speedy death, or possibly 
the organisms growing on the filter excrete ptomaines 
which have a specific poisonous effect upon them. Whatever 
the explanation may be, the action is most effective when 
the surface is well covered with this colloidal growth, since 
when it is scraped away the filter does not remove the 


London Water Company, which uses Lea water, succeeded 
in removing 95-7 per cent. Although the chances of an 
epidemic being spread by such a water are far less than if 
no filtration were adopted, it is still possible that among 


| the few organisms which succeed in running the gauntlet 


of the filters there will be some that are pathogenic in 
character, and therefore a second filtration at the house of 
the consumer through a Pasteur-Chamberland filter is 
desirable. In Germany, the city authorities of Worms 
have constructed some large cylinders of artificial stone 
through which the water is forced under pressure, and in 
this way hope to produce a sterile water for domestic use, 
and more recently it has been seriously proposed to subject 
the water supply of towns to a high temperature for a 
short time under pressure, with a view to the absolute 
destruction of all the micro-organisms present. 

The use of river water for a town supply has been 
obviated in several towns, such as Frankfort-on-Main, 
Buda-Pest, and Dresden, by making use of natural filtration. 
When a shallow well is used fora water supply, there is 
always a danger of surface water-which has not undergone 
any process of filtration finding its way into the well 
through openings in the sides. When an iron pipe is em- 
ployed, this danger is to a great extent removed, and the 
water which collects at the bottom of the well will have 
passed through several feet of subsoil and be practically 
filtered from any bacteria existing in the water. Such subsoil 
water can be collected on a large scale and utilized for the 
supply of towns, although there are several factors to be 
taken into consideration when it is proposed to take a large 
quantity of water from beneath the surface in this way. 

At Dresden there is a collecting gallery about five 
hundred and seventy feet long, beneath the surface of the 
ground and some little distance from the river. It is 
doubtful, however, in this case whether the subsoil is 
sufficiently impervious to prevent leakage of the river 
water directly into the collecting gallery. At Frankfort 
a long tunnel of white bricks extends for nearly a mile 
and a half below the surface of the ground at a depth 
of about fifty feet, at which depth the subsoil water is 
met with. Copper pipes are sunk from this subway at 
intervals into the subsoil water, and from the channel it is 
pumped direct into the mains of the town. This water is 
of uniform temperature all the year round, and is free 
from organic matter and bacteria. The surface from 


| which the water drains above the works is a large forest 


bacteria nearly so well. Prof. Ray Lankester compared | 


the action to dialysis through a fine jelly, and hence it is 
important that there should be no cracks or breaks in the 
continuity of the straining surface. The filter has to be 
cleaned from time to time owimg to the growth of the 
surface layer downwards, which so clogs the filter as to 
render the filtration too slow for practical purposes. The 
renewal of the filter from time to time seems also desirable 


on other grounds, since it is quite possible that with an | 
| growth of filter-beds is not advantageous. 


undisturbed filter the organisms might grow right through 
the bed, and thus infect the filtered water. In London, the 
water companies have used sand as a filtering medium for 
many years, and the recent inquiry into the water supply of 
London caused considerable attention to be devoted to the 
subject. The filter-beds in London are not constructed with 
the same care as those at Hamburg and Lawrence. For 
many years the number of bacteria present in the water 

supplied by the several companies have been counted. Thus 


| 


of about three square miles in area, and this is kept free 


| from undergrowth and from habitation. 


In London one of the companies derives its supply from 
deep wells sunk in the chalk, and this water, as might be 
expected, requires no filtration and is remarkably free 
from bacteria. 

Such underground supplies are to be desired in localities 
in which there are severe frosts in winter, as sand filters 
are useless in times of frost. In Berlin, to prevent the 
freezing of the filters, they are covered, but at present it is 
doubtful whether the action of light upon the surface 


Other methods of purification are in use in different 
towns, involving a combined chemical treatment with 
filtration. Thus at Antwerp Anderson’s system is adopted, 
in which the water is treated in revolving cylinders 
containing iron, and in the United States the Hyatt 
process is in use in many towns. It will be beyond the 
scope of the present article to discuss these chemical 
methods for improving the bacterial quality of a water at 
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any length, as also the many forms of domestic filter 
which are used for effecting the same object on a small 
scale. Plagge, some years ago, made an elaborate 
examination of nearly all the domestic filters then in use, 
and contributed the results of his investigation to the 
German Association of Naturalists and Physicians. His 
results show the unsatisfactory nature of the majority of 
these filters, and his conclusions have been confirmed by 
the recent careful study of similar filters in use in this 
country by Drs. Sims, Woodhead, and Wood. 








THE WINTER LIFE OF INSECTS.—I. 
By E. A. Butter, B.A., B,Sce. 


F we stroll through the woods on some bright summer 
day, we find the air full of sounds—an indistinct hum 
that betokens the presence of innumerable insects ; 
and every step we take disturbs multitudes of flying 
or crawling things which retreat in all directions 

before us. But if we go to these same woods in winter, 
silence reigns around, and scarcely a vestige of insect life 
appears in whatever direction we wander. This contrast, 
though a perfectly familiar observation, can hardly fail to 
suggest to the thoughtful mind inquiries as to what link 
of connection may exist between these successive annual 
swarms, separated from one another, as they seem to be, 
by kng periods during which there is a dearth of life. 
Admitting, as we must do, that all the living beings of any 
one period are the direct descendants of those of a previous 
one, only one or other of two explanations of the regularly 
recurring appearance of these summer hosts is open to us. 
Hither these creatures are the same individuals that we 
saw the year before, which have been spending the winter 
in some sort of retirement, or they belong to the next 
generation, and are the progeny of the preceding year’s 
population. In this latter case, however, equally with the 
former, since no break can have occurred in the continuity 
of life, there must have been some form in which these 
little beings have continuously existed since last we were 
struck with the multiplicity of their activities. 

There is truth in both these hypotheses. The particular 
specimens of insect life that enliven the woods, fields and 
hedgerows during any given season are in some cases the 
same individuals that were to be met with the year before, 
and in others they are members of the next generation. 
The exact duration of an insect’s life is, in very many cases, 
an unknown quantity, and often the uncertainty is greatest 
in connection with that part which is spent after the 
insect has passed through its metamorphoses and attained 
its perfect form. The exact time occupied by the pre- 
liminary stages may be known with great accuracy, but 
after the insect has been conducted through its various 
changes, information often fails as to how long it will 
continue to exist in the form it has by that time acquired. 
And the results obtained by keeping insects in confine- 
ment are not altogether reliable as to the usual duration 
of life, since their circumstances and surroundings are more 
or less unnatural, and while in some cases, no doubt, certain 
aids to longevity are absent, in others the risks to life and 
limb which would be encountered in the wild state are almost 
indefinitely diminished. Sir John Lubbock kept some 
queen ants alive for upwards of eight years, and Dr. Sharp 
records of a pair of large water beetles (not British) that 
the male lived with him for two years, and the female 
for five. Esper, again, kept the common water beetle 
(Dytiscus marginalis) (Fig. 1) for three and a half years, 
and Resel a rose beetle (Cetonia aurata ) (Fig. 2) for nearly 





three years. An English entomologist of the last century 
kept a cellar beetle (Blaps) for upwards of three years, after 
he had made four attempts to drown it in spirits of wine, and 
this record of hardiness and longevity 
was brought to a close, not by any 
failure of the insect’s powers, but by 
the carelessness of a domestic, who 
allowed it toescape. These instances 
suffice to show that, in certain species 
at least, there is enough vitality in the 
perfect insect to carry it through a 
much longer period than has usually 
been believed possible, and to open 
up the chance of meeting with the 
same insect, even in nature, during Fic. 1.— Common 
more than one season. And further, Water Beetle (Dy- 
the suggestion is obvious that, if such tiscus marginalis). 
longevity does not occur in nature, 

untoward external circumstances may often be looked to 
as the causes producing death, rather than internal decay 
and senility. 

It may safely be assumed that the chief purpose of the 
life of the adult insect is to secure the perpetuation of its 
species. The main business for which the creature is 
adapted in the complex economy of nature, whether that 
business be the repression of superabundant vegetable 
or animal life, or the removal of waste matters, wiil in 
very many cases have been performed during its pre- 
liminary stages, and then there remains for the adult 
little more than the reproduction of its kind; hence there 
would appear to be no particular reason for any great 
prolongation of its life after it has mated, or, if a female, 
after it has laid its eggs. Parental care for offspring after 
the laying of the eggs not being customary amongst insects, 
the final function of their existence will usually have been 
performed when provision has been made for the next 
generation. Moreover, the function of reproduction is 
so exhaustive of the natural energies that death often 
follows immediately after it. Indeed, in some species the 
adult insect is so entirely devoted to this function, that no 
provision exists for its taking food; its very mouth organs 
have become aborted, and under these circumstances, of 
course, a long life of activity would be an impossibility. 
It seems highly probable, therefore, that the act of 
reproduction is usually the last in the insect’s life, and 
that the duration of its life will be largely determined by 
the date of that act; hence, if circumstances prevent 
reproduction from taking place at the usual time, life will 
stand a good chance, if the insect has the power of taking 
food, to be prolonged until it has taken place. 

Now it is not possible to name a single month in the 
year which may not witness the deposition of eggs, on the 
part of some species or other; and hence it follows that 
the absence of insect life in the winter is more apparent 
than real. Perfect insects may be found all the year 
round, provided only we know where to look for them. 
But while in summer they obtrude themselves on our 
notice, in the winter they need a great deal of searching 
for. I propose to point out, so far as possible, in what 
condition the various kinds of insects pass the winter and 
wuere they may be found; but the many gaps that still 
exist in the knowledge that has been acqynied of lite- 
histories render it impossible to do this otherwise than 
iinperfectly. This imperfection, however, may perhaps 
stimulate some of the readers of KnowLepGe to conduct 
observations with a view to increase the existing stock of 
ascertained facts. But before proceeding to our subject ih 
detail, it will be well once more to emphasize the fact, 
obvious though it may be, that every single insect we meét 
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with in summer must have had a representative some- | they keep themselves so completely out of sight. Many 





must, in fact, either have existed itself in 
its present or in some other form, or have 
been represented by its parent, or, in some 
few cases, by even a more remote ancestor. 
By constantly keeping this in mind, we 
shall have a clearer conception of the 
problem before us, and its complexity will 














Fie. 2.—Rore ‘ < 
Beetle (etonia be more manifest if we remember that 
aurata). most insects appear in four more or less 


distinct conditions—as egg, larva, pupa, and 
perfect insect. Examples of all these may be found during 
the winter as well as at other seasons of the year, and 
though the habit of each particular species is, as a rule, 
uniform, it is by no means easy to say just what are the 
conditions that determine which of these forms shall be the 
winter one, and even closely allied species sometimes differ 
in this respect. The nature of the food and the time of 
year when it may be obtained, of course, largely influence 
the result ; but this is not the only factor of importance, 
and probably much depends also upon the type to which 
the insect belongs. This being the case, it will be best to 
consider the different orders cne by one. 

First, then, as to the Coleoptera, or beetles. A very 
large number of species hybernate in the perfect condition, 
and consequently there are absolutely more beetles to be 
had in December than in July; for by the time the hottest 
weather comes round the spring beetles have died off, and 
the next generation are either not yet mature, or if mature, 
are not sufficiently hardened to be worth searching for. 
The general course of the life of such insects would, 
therefore, be somewhat as follows: eggs laid in late 


where or other in the preceding winter ; | 


others retreat beneath large stones or loose rocks, and 
the narrower the space the more attractive the retreat 
seems to be; the insect will very commonly cling to the 
under surface of the stone instead of resting on the ground, 
thus placing itself back downwards on the roof of its 
retreat instead of remaining on the floor. By this arrange- 
ment, no doubt, it is safer during wet weather. and while 
enjoying the necessary amount of moisture with which the 
atmosphere is sure to beimpregnated in suchenclosed places, 
it is more secure from the inconveniences of a swampy soil. 

While carnivorous species find a good reason for hyber- 
nation in the failure of their food supply, whatever may 
be the actual temperature of the winter, vegetable feeders 
which depend upon fresh leaves find it even more necessary 
to retreat into obscurity when the leaves fall, and they 
have perforce to suspend operations till the new season 
clothes the trees again with foliage. The moss on tree- 
trurks and the hollow stems of dead plants are among the 
objects that afford suitable shelter for such as these. It 


| is astonishing what enormous numbers of beetles of 


spring or early summer by hybernated females, larva | 


flourishing in summer, becoming a pupa in late summer | 


or early autumn, and changing to an imago in autumn, 
to remain thus, chiefly in retirement, during the winter, 
and return to activity the following spring. Hence the 


autumn beetles of the one year and the spring beetles of | 


the next would be largely the same individuals. 

Beetles are not amongst those insects that adopt a 
fasting policy when they become mature. Their mouth 
organs are well developed, and the amount of food devoured 
after they reach matwity is often very considerable. 
Carnivorous species, such as the ground beetles (Carabus) 
and their smaller relatives, are vigorously predaceous 
when mature, and as they become full-grown for the most 
part in autumn, very little time is left them to gratify 
their slavghtering propensities before winter sets in. 
Hence in the general dearth of active life during winter, 
and the consequent failure of their food supply, hyber- 
nation is their only resource, quite independently of the 


various kinds sometimes crowd together into small com- 
pass in hollow stems and crevices around the roots of 
plants. Especially is this the case when the plants occur 
at intervals, and no shelter can be found between them ; 
they form common refuges in which the insects of the 
neighbourhood gradually collect as winter advances, just 
as in severe floods the inhabitants of the flooded district 
gradually retreat to the higher grounds as the waters rise. 
A very good instance of this is to be seen in the horned 
poppy (Glaucium luteum), the large yellow flowers and 
frosted leaves of which form one of the most conspicuous 
objects on the shingly shores of our southern counties. 
The plant has a large woody root, which, growing as it 
does from amongst the shingle, is often very irregularly 
shaped and presents numbers of hollows and crevices such 
as suit the requirements of hybernating beetles. If these 
plants be pulled up during the winter, and shaken over paper, 
large numbers of beetles will drop out from the roots and 
the interstices between the dead leaves at the base of the 
stem just above the level of the beach. Many of the 
insects that thus take refuge in the poppy roots are not 
in any way connected with the plants in their economy, 
and simply use them as convenient resting-places. Simi- 
larly, old and strong dock roots, hollow thistle stems, reeds 
and such like, harbour swarms of beetles, especially of those 
species that in their larval condition prey upon the plants. 

Large isolated tufts of coarse grass form another 
favourite retreat, many beetles congregating amongst the 


| roots, so that to be sure of obtaining them it is necessary 


direct physiological effect which the lower temperature of | 
winter has upon them. The vast accumulations of fallen 


leaves that lie about in all directions form excellent places 


of shelter, especially the lower layers, which are closer and | 


damper than the rest. Here the beetles lie, perfectly still 
and in a semi-torpid condition, with their legs drawn up 
to their sides, and their antenne turned backwards and 
lying along the thorax. Moss also supplies a safe and 
comiortable retreat to great numbers of species, chiefly of 
the smaller kinds. If quantities of loose moss are collected 


to remove the tuft entire and shake it over paper. The 
bottom of a haystack is a very favourite resort for beetles 
in the winter. Many, again, may be found under the bark 
of trees, but this is not so much through their having 
sought such places for shelter as because they have been 
born and bred there. Just in the same way, beetles occur 
in the large fungi that are attached to tree-trunks. Many 


| of these, however, will be in the larval condition, and the 


frcm the ground or from tree-trunks in March or April, | 


and shaken over paper, remarkable evidence will be obtained 
of the extraordinary numbers that use such a shelter ; and 
if calculations be extended from the small area dealt with 
to the larger ones of fields or hedgebanks, some notion 
may be formed as to the profusion in which some 
kinds of insects occur in winter, notwithstanding that 


same may be said of those that burrow in the solid wood 
of trees. Here they are removed from many of the dangers 
to which insects that live in the open are exposed ; very 
few parasites can reach them, they run no risk of being 
devoured by carnivorous foes, and the temperature in 
which they live is much more equable. Their life is often 


| considerably prolonged, several years being sometimes 


required for the completion of their metamorphoses; of 
course, it follows from this that specimens might be found 
in winter in different stages, if only one could discover their 
whereabouts in their timber fortresses, 
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The larve of certain beetles live habitually underground, 
where some of them feed upon roots, while the rest prey 
upon other subterranean creatures. A root-feeder, such 
as the common cockchafer (Fig. 8), which lives for three 
years as a larva, retires deep into 
the ground during winter, where 
its soft body is removed from the 
chilling influences of the winter 
winds and frosts; and being 
below the level of the roots on 
which it is accustomed to feed, 
it of course spends its time 
fasting. In such a case the 
change into the pupa state occurs 
in the last autumn of the insect’s 
existence as a grub, and the perfect insect appears in 
the following May or June. But its first appearance 
as a beetle above ground by no means coincides with the 
time of actual change into the perfect insect. This 
has taken place long before, in the subterranean cell 
it had excavated for itself, and where it has remained 
quiescent till its armature is hard enough to encounter 
safely the rebuffs it will meet with in pushing its way up 
through the soil, and during its subsequent career above 
ground. The handsome green rose-beetle already referred 
to, whose larva is very similar to that of the cockchafer 
and has corresponding habits, becomes a perfect insect in 
its subterranean cell in the autumn, though it does not 
appear in the open air till the roses are ready for it in the 
following June. 

Summarizing what has been said, we see that the 
absence of insect life in winter is illusory so far as the 
Coleoptera are concerned ; if we had powers of vision that 
could penetrate their hiding-places, we should see that 
every part is well stocked with life. Under the piles of 
dead leaves that strew the ground around trees or at the 
foot of hedges, under bark, stones, or clods of earth, in 
fallen twigs and hollow stems of plants, in tufts of grass, 
in the solid wood of trees and the fungi that grow on them, 
and even under the soil itself, there would be revealed 
beetles of the most varied kinds; and if all these could 
suddenly be laid bare at once, we should be astounded at 
the multitude of living forms that are existing, all unknown 
to us, around us on every hand, waiting in a more or 
less torpid condition till the returning warmth of spring 
summons them to renewed activity, and for the great task 
of preparing for the generation that is to succeed them. 

(To be continued, ) 
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Fig. 3.—-Larva of Cock- 
chafer. 








Detters. 


a 
(The Editor does not hold himself responsible for the opinions or 
statements of correspondents. | 


THE “HOOP SNAKE.” 
To the Editor of Know.epce. 

A correspondent writes as follows:—‘‘ In the Rocky 
Mountains there is said to be, besides the rattlesnake, 
another of a comparatively small kind, which has the habit 
of living on the hill-tops, and when about to attack tak: s its 
tail in its mouth and trundles down the declivity, earning 
from this peculiarity the name of ‘hoop snake.’ Is this a 
fact, or one only of the great series of travellers’ tales ?”’ 

The existence of this phenomenal snake is one of those 
superstitions which, like the relation of the great toe to 
lock-jaw, is of curiously world-wide prevalence. The hoop 
snake is to be heard of in Australia, in the River Plate, in 
Ceylon, at the Cape, and in many regions of the United 
States. Our correspondent presents us with a very tame and 





| 








prosaic specimen of this mythical genus, inasmuch as it does 
no more than ‘ trundle” passively down-hill by the mere 
law of gravitation ; whereas more liberally-inspired observers 
have recorded its progress on the flat by virtue of its own 
proper volitional force at a speed which, in one instance, 
carried destruction to two horses ploughing, and in another 
was sufficient to split the trunk of a tree! Fortunately, we 
have here to deal with a question of anatomical fact, not 
an issue of disputed evidence like the allegation of the 
viper swallowing its young for protective reasons. The 
conformation of a serpent’s spine is such that it could not 
assume the position indicated, owing to the interlocking of 
certain bony processes of the vertebre. Unlimited as the 
creature’s flexibility of body may appear to be, it will be 
found on analysis to lie almost entirely within the scope 
of its lateral movements. This is well illustrated by its 
actions as it passes in and out between the bars in 
ascending a ladder. Its faculty of flexion in an antero- 
posterior direction is in reality very limited indeed, and is 
represented to about its fullest extreme in the “ sitting ”’ 
attitude of the cobra di capello. It would be impossible, 
therefore, for a serpent to take its tail in its mouth when 
in this position. We find in this an exact converse to the 
structural position which obtains in the vertebral colvmns 
of many higher animals—the whale, for instance, whose 
spinal mechanism admits of considerable undulation from 
behind forward or up and down, but in which the trans- 
verse projections of bone, or processes, would jam and 
effectually prohibit anything like lateral motion. Not 
only are hoop snakes postulated by the public, but at least 
one work on popular natural history of the present day— 
one, moreover, admirable in all its matter antecedent to 
the Reptilia—actually describes a ‘‘looping’’ mode of 
progression of serpents analogous to that of a caterpillar ! 
More remarkable still, no volume of zoology, to the best of 
my belief, makes mention of that movement which a 
hurried or alarmed snake adopts, apparently with the view 
of eluding the grasp or blow of an aggressor by confusing 
the vision rather than by attaining speed, and which 
deserves par excellence the title of ‘ serpentine.” 

ARTHUR STRADLING. 


THE SODIUM RADIATION. 
To the Editor of Know ener. 


Sir,—If you will allow me to continue this discussion, 
I should like to make a few further observations in reply 
to the remarks of M. Deslandres, in his very interesting 
letter in the March number of Know.epas, on the electric 
origin of the chromosphere. 

I will confine my remarks to the question of the origin 
of the D line, with regard to which a certain sense of 
conviction has arisen in my mind as the result of long- 
continued experiments on the radiation of heated sodium 
vapour and other gaseous bodies. 

To begin with, I may say that the much greater width 
of the D line in the heated tube, as compared with the 
line seen in flames, is certainly due to a greater density of 
vapour in the former. This, as M. Deslandres admits by 
his question, distils unchanged from the hot to the cooler 
parts of the tube. 

I do not rely entirely on this difference of width, 
however, to prove my point, but also, as explained in my 
previous letter, on the exact correspondence between the 
emission and absorption lines, showing that practically 
every free sodium molecule in the hot part of the tube shares 
in the light emission, which must, therefore, be due to some 
other cause than chemical change in the ordinary sense. 

M. Deslandres suggests allotropic changes at high tem- 
peratures—in other words, interchanges between the atoms 
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of the sodium molecules. I have already carefully con- 
sidered this possibility, and, without going into details 
which would be out of place in a letter, I may state that 
experiments made specially to test this point have clearly 
shown that such actions are not concerned in the radiation. 
For a full discussion of all my experiments I would refer 
M. Deslandres to my article on the radiation of gases, 
which will shortly be published. 

With regard to Prof. Lockyer’s experiment, referred to 
by M. Deslandres, I must say I fail to see how this bears 
on the question at all. By submitting sodium vapour to 
the electric discharge, a new factor is introduced which 
may well complicate matters. The curious result obtained 
does not prove that hydrogen interacts with sodium in any 
way ; but might be simply explained by supposing that the 
discharge prefers to travel by means of the more lively 
hydrogen molecules, which are thus set vibrating whilst 
the sodium molecules remain unaffected. 

Yours truly, J. Eversuep. 








THE OBSERVATORIES OF ONE HUNDRED 


YEARS AGO. 
By W. T. Lynn, B.A., F.R.A.S. 


N the 11th of June, 1795, Dr. (afterwards Sir 
William) Herschel communicated to the Royal 
Society a description of his forty-feet reflecting 
telescope, the construction of which, he remarks, 
was begun about the latter end of the year 1785 
and finished at the end of August, 1789. It may be 
interesting to run through the list of observatories which 
were in operation at that time, as showing the marvellous 
progress which has been effected in the means of astro- 
nomical research during the hundred years which have 
since elapsed. Expeditions were made to observe special 
phenomena, such as transits of Venus, in the southern 
hemisphere, Halley had made a series of observations at 
St. Helena and Lacaille at the Cape of Good Hope, but 
no permanent observatory existed in that hemisphere. 
Nor did the whole of the American continent contain 
one ; so our survey is practically confined to Europe. An 
observatory, it is true, had been built at Peking more than 
five hundred years before the last century, and observations 
were made in it by Verbiest and the Jesuit missionaries 
for about a century after 1673, but its activity had ceased 
before the time of which we are speaking. 

The Greenwich Observatory, in 1795, had been for about 
thirty years under the superintendence of Dr. Maskelyne, 
and continued so for about sixteen years more. The value 
of his observations (the first which were made at Greenwich 


with achromatic telescopes) can never be over-estimatcd, | 


although this is not the place to enlarge upon them. But 
at the present time, whilst Encke’s comet is with us again, 
it may be of interest to note that he observed this comet 
in the year of which we are speaking, a few days after it 
had been detected by Caroline Herschel and observed by her 
brother. Mr. Denning has remarked on the fact that in all his 
long career Sir W. Herschel never discovered a comet. 

The only other observatory which appears to have 
existed at this time in England was the Radcliffe at Oxford. 
This was foanded in 1771 at the instance of Prof. Hornsby, 
and observations were made from the time of its comple- 
tion, but were not published regularly until the commence- 
ment of Johnson’s appointment in 1839. They have been 
continuous ever since under the energetic administration 
of Johnson and his successors Main and Stone. This 
country had, however, at the time, one or two amateur 
observers, chief among whom was the Rev. IF’. Wollaston, 
of Chislehurst, Two observatories were also in operation 


in Ireland in 1795; those of Dublin (or Dunsink) and 
Armagh. The former was erected in 1785, the first 
director being Prof. (afterwards Bishop) Brinkley. The 
latter was founded by Archbishop Robinson in 1791, but 
it cannot be said to have contributed much to the progress 
of astronomy until it was enlarged and provided with 
better instruments by Archbishop Beresford in 1827, soon 
after the appointment of Dr. Robinson as director. 
Scotland at that time possessed no observatory. 

The Paris Observatory (also called Royal at first) was 
founded a few years before that of Greenwich, and the 
discoveries of Cassini I. gilded its early years. One 
hundred years ago France was still in its revolutionary 
epoch, and scientific activity was necessarily to a great 
extent in abeyance. The National Vonvention was at the 
head of affairs during the greater part of 1795. Cassini, 
the fourth and last director, was not only practically 
ejected under pretence of establishing a divided jurisdiction 
or quasi-republican form of government at the observatory, 
but afterwards thrown into prison. It was not until the 
opening of the nineteenth century that Lalande took the 
principal position at the now National Observatory, Méchain 
succeeding to it in 1804, and Bouvard in 1811, when it 
had become Imperial. 

In Germany, Berlin had had for ninety years a small 
observatory, erected in 1705 as part of the building of the 
Academy of Sciences, and this was not superseded until 
the time of Encke, under whom the new observatory 
was constructed and equipped, but not finally completed 
until 1826. The Seeberg Observatory, from which Encke 
removed to Berlin, was founded by Duke Ernest II. in 
1791, and was the scene of the labours of Von Zach, 
Lindenau, Encke, and Hansen, in whose time it was 
removed to Gotha. Gdottingen University possessed an 
observatory even earlier, in which Tobias Mayer made his 
observations ; this was superseded by the present building 
in 1811. Leipzig also had a university observatory founded 
in 1787; it was here that d’Arrest in later times made 
his observations, and it was not superseded until 1861, 
when the new observatory was erected under the 
direction of Prof. Bruhns. At Lilienthal, near Bremen, 
Schréter’s private observatory was established in 1779, 
and work was continued there until the year 1818. An 
observatory, removed to Karlsruhe in 1879, was founded 
at Mannheim in 1772. Not much, however, emanated 
from it until 1860, when improved instruments were 
obtained, and Schénfeld commenced his observations on 
nebule. Vienna possessed an observatory, forming part 
of the university building, in 1756, but the position was 
very unsuitable, and the equipment very insufficient, so 
that but little astronomical work was done in the capital 
| of Austria until 1826, when the observatory was rebuilt 
| and better equipment provided. It was superseded by the 
| present splendid establishment at Wihring, on the ridge to 
the north-west of the city, which was commenced in 1874, 
and finished in 1879. Prague has had a university 
observatory since 1751, but very few astronomical obser- 
vations were taken there, and at present the work is 
almost confined to magnetic and meteorological investiga- 
tions. Budapest has a royal observatory, founded in 1777, 
and a new building was erected in 1813, but scarcely any- 
thing has emanated from it. Kremsmunster, in Upper 
Austria, has possessed an observatory even longer. It was 
established at the gymnasium of the Benedictines in 1748, 
but instruments were not provided to make it of any 
| practical use until many years afterwards. 

Turning to Holland, one finds that both Leyden and 
Utrecht possessed university observatories at the. end. of 
| the last century, but neither had provisions for making 
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I.—PHOTOGRAPH OF THE MILKY WAY IN NORMA. 


Taken with the Star Camera of the Sydney (New South Wales) Observatory. 
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any observations of value until the former was transferred The observatory at St. Petersburg, as originally founded 


to its present site, where the fine new building was erected 
under the auspices of Kaiser, and completed in 1860; 
whilst at Utrecht the observatory was remodelled in 1855, 
but is not yet adequately provided with instruments. 

A similar remark may be made of the state of observatory 
work in Switzerland a century ago. Small establishments 
were built at Geneva in 1775 and at Zurich in 1759, but 
the instrumental provision for both was very inadequate. 


Still less can be said of the peninsula of Soain and | 


Portugal in this respect. The observatory of San Fernardo, 


near Cadiz, was not founded until later, and though that | 
of Coimbra preceded the former by about five years, it was | 


not an establishment at which much could be done. 
Italy was somewhat differently placed. The observatory 


at the Collegio Romano was established in 1787, though | 
its real activity began long afterwards under De Vico. | 


Bologna possessed a university observatory as long ago as 


1724, but the work accomplished there has never been | 
The now famous Brera Observatory, at Milan, | 
was founded in 1765, but its instruments were for many | 
years insufficient for important work, and the early | 


regular. 


directors, Oriani and Carlini, occupied themselves princi- 
pally with theoretical investigations. The observatory of 
Padua University was founded about two years earlier, but 
its instrumental equipment was also very small for many 
years. That of Turin was erected first in 1790 by the 
Academy of Sciences, and rebuilt in 1820. 

Florence had a small observatory as early as 1774, which 
formed part of the building of the Museum of Science and 
Natural History, but the real astronomical activity of that 
place began with Donati, and the old observatory has 
been lately superseded by that of Arcetri, which was, 


unfortunately, very badly bailt. In speaking of Italy, Sicily | 


must not be forgotten, as the royal observatory at Palermo 
was founded in 1790. 

Passing on to Scandinavia, it is recorded that Denmark 
possessed an observatory at Copenhagen from 1614, 
situated on the top of a high tower, but Rémer found 
the locality so unsuitable that he made his observations 
at a place selected by himself, some distance from the city. 
The tower observatory was burnt in 1725, and afterwards 
rebuilt. The present observatory, rendered famous by the 
labours of d'Arrest and Schjellerup, was erected on another 
site in 1861. The Stockholm Observatory was founded by 
the Academy of Sciences in 1750, and it was there that 
Wargentin carried on for many years his observations 
of Jupiter’s satellites. The Upsala Observatory was 
established twenty years earlier, in 1730, but until later 
times not much was done there. 

Russian astronomical activity really began with the 
erection of the Dorpat Observatory, in 1808. At the time 
of which we are speaking the only observatory in that 
country was a small one at St. Petersburg, founded by the 
Academy of Sciences in 1725. It was left for the Czar 
Nicholas I. to establish a first-class observatory in Russia 
by the foundation of that at Pulkowa, which was completed 
in 1839, and to which the famous W. Struve migrated 
from Dorpat. 

(Mr. Lynn’s interesting review of the state of astrono- 
mical observatories one hundred years ago omits any notice 
of the second English Royal Observatory, that of Kew, 
founded by George III. in 1768, in preparation for the 
transit of Venus of 1769. Dr. Demainbray, the first 
director, died in 1782, thirteen years before the date which 
Mr. Lynn is reviewing; but his son, the Rev. Stephen 
Demainbray, continued in charge of the observatory till its 
abolition in 1840, when the instruments were handed over 
to King’s College, London. 


| in 1725, was by no means a small one, having a frontage 
| of two hundred and twenty-five feet, and central towers 
| one hundred and forty feet high, and it had been equipped 

with every variety of instrument known to the astronomers 

of that day. Only the observers were lacking. This 
| building had, however, been almost entirely destroyed by 
| fire in 1747, and Mr. Lynn is correct in describing the St. 
| Petersburg Observatory as “small” in 1795, and in his 
remark that Russian astronomical activity really began in 
1808 with the foundation of the Dorpat Observatory.— 
KE. W. Macyper.] 








THE SOUTHERN MILKY WAY, WITH THE 
SYDNEY STAR CAMERA. 
By E. Watter Maunper, F.R.A.S. 


HE two photographs which we reproduce in the 
present number of KnowLepcGe were sent to the 
late Editor by Mr. H. C. Russell, Director of the 
Sydney Observatory, in the course of last year for 
a special purpose, viz.: to show the difference in 

the rendering of a portion of the heavens by a photograph 
| on a considerable scale from that by one on a small seale. 

The present photographs were taken with the telescope 
constructed for the International Astrographic Chart, of 
thirteen inches aperture and eleven feet focal length. 
The scale, therefore, is one of 2°36 inches to the degree. 
They were intended by Mr. Russell to be compared with 
plates 9 and 10 in the volume of photographs which he 
published in 1890 (‘‘ Photographs of the Milky Way and 
Nubecule, taken at Sydney Observatory, 1890”), and 
which were taken with a portrait lens of six inches aperture 
| and about thirty-one inches focal length ; the scale, there- 

fore, being one of 0:556 inches to the degree. 

Both photographs are of extraordinarily rich regions in 
' the Milky Way. Fig. 1 shows a district in the constellation 
Norma, with its centre in R.A. 16h. 19m., S. Dee. 52° 31’. 
Of this district Herschel says : ‘‘ The Milky Way here is so 
immensely rich as to be one vast cluster of stars.” Fig. 2 
is of a richer region still, with its centre in R.A. 
17h. 46°6m., S. Dec. 80° 2’; length of exposure, 5h. 14m. ; 
not far from y, and y, Sagittarii, and a little to the south 
of the Great 'I'rifid Nebula. This is the very brightest part 
of the entire Galaxy. Nowhere else are the stars so 
closely crowded. The only region to parallel it is the 
Greater Magellanic Cloud, in portions of which they seem 
to cluster, if possible, more closely still. 

A photograph of this second region with the portrait 
camera of the Sydney Observatory was, through the 
kindness of Mr. Russell, presented to the readers of 
Know.epcGe, in the number for March, 1891, and another 
taken with a lens of corresponding aperture and focus by 
Mr. E. I. Barnard, in the number for December, 1891. 
In the following issue—January, 1892—Mr. Ranyard 
pointed out the curious resemblance to a human face 
which could be traced in part of Mr. Barnard’s photograph, 
and which might by careful examination be recognized 
also, though much less easily, on Mr. Russell’s. 

As a careful comparison of the first photograph given in 
March, 1891 with the second reproduced now will soon 
show, the long focus telescope has many advantages over the 
shorter one. First of all, far more stars are shown. 
Referring to the earlier photograph, two bright stars may 
be seen four inches from the northern edge of the plate, 
and respectively 1:05 and 0°75 inches from the preceding 
edge. A little above them is a small cluster; its centre 











8°75 inches from the northern edge, and about one inch 
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from the preceding. In the triangle, included within these 
three points, eighty-three stars were shown on the 
original negative. Turning now to Fig. 2, we find the two 
stars, one at the intersection of lines 20 and 37, the other on 
line 25, and midway between lines 37 and 38, and the cluster 
near the intersection of lines 21 and 41. Within this 
triangle the original plate, taken with the star camera, 
showed no fewer than one thousand one hundred and sixty- 
six stars. And this proportion—fourteen times as many 
—Mr. Russell found to be “a fair index of the greater star- 
grasping power of the long star camera.” 
pictures stars are lost, both by want of that sharp definition 
which the telescope of longer focus gives, and by the 
images of neighbouring stars being run together, which 
are distinctly separated on the greater scale of the star 
camera photograph. An appearance of nebulosity which 
has no real existence may, therefore, be created in places 
on the small scale plates, and in this particular instance 
the ‘face’ to which Mr. Ranyard called attention in the 
Lick photograph can no longer be seen in the larger scale 
plate now before us. ‘‘ My own experience,” Mr. Russell 
writes in this connection, ‘leads me to think that one is 
apt to be misled by forcing the development of astro- 
nomical photographs of the Milky Way. I have found, 
for instance, that what I took to be nebula in one of my 
short camera pictures turned out to be simply stars 
when taken with the long camera, just as in the case 
above referred to.” 

Yet the curves and lines of stars are still to be seen, and 
the dark “‘lanes”’ and rifts. In these two photographs the 
rifts tend to be winding and irrezular, though Fig. 1 shows 
at least one unmistakable “lane” as straight as it could 
possibly be. These configurations, then, are no mere 
delusive effects of the necessary imperfections of small-scale 
photographs, but have an actual existence. 

The field for the short focus camera in astrographic 
work is two-fold : the detection of faint extended nebulous 
matter, and the rendering of broad aspects of stellar 
grouping. Tor the accurate presentation of details, we 
must turn to telescopes of considerable focal length. 

The two photographs show, beside the stars, the imprint 
of the lines of the standard réseau, used on all the plates of 
the International Chart, both for convenience in measuring 
the plates and for the detection of accidental distortion of 
the film. 








Notices of Books. 


From the Greeks to Darwin. By Prof. Henry Fairfield 
Osborn, Sc.D. Pp. 254. (Macmillan & Co.) It is worth 
remembering that two thousand years ago Aristotle had a 
general conception of the origin of higher forms of life 
from lower, and that he considered and rejected the theory 
of the survival of the fittest as an explanation of the 
evolution of adaptive structures. Evolution has, indeed, 
only reached its present fulness by slow additions from 
the days of the Ionian school ; in other words, the theory 
has itself been evolved. In the philosophic volume which 
Prof. Osborn has presented to the scientific world, the 
story of the development of the evolution idea is traced 
from the earliest times. He distinguishes four speacia 
stages in this progression. Between 640 B.c. and 1600 a.p. 
the world saw the rise, decline, revival, and final decline 
of Greek natural history and Greek conception of evolution. 
In the seventeenth and eighteenth centuries modern 
evolution, as part of a natural order of the universe, had its 
beginning ; then came the period of modern inductive 
evolution, with which are associated the names of Buffon 








In the smaller 





and St. Hilaire, of Erasmus, Darwin, Goethe, Treviranus 
and Lamarck; and finally we have the fourth period 
commenced by the publication of Darwin and Wallace’s 
observations—a period which is marked off from the others 
so abruptly that it may well be regarded as the beginning 
of quite a new era, for since 1858 more works upon 
evolution have appeared each year than in all the centuries 
previous. The “tyranny of space” prevents our giving a 
critical notice of Prof. Osborn’s scholarly work. We can 
only say that the author appears to have carefully and 
impartially considered the truths and speculations that 
clustered round the doctrine of evolution in the twenty-four 
centuries between Thales and Darwin. No student of 
evolution should be content until he is familiar with this 
history of the theory’s struggle for existence. 


What is Heat? By Frederick Hovenden, F.L.S., F.G.5., 
F.R.M.S. Pp. 350. (W. B. Whittingham & Co.) Mr. 
Hovenden poses as a Daniel come to judgment. He essays 
to correct the conclusions of such investigators as Maxwell, 
Clausius, Joule, and Lord Kelvin, with regard to the 
kinetic theory of matter, and after proving to his own 
satisfaction that the physicist generally “has got much 
beyond his depth,” he states a new hypothesis in a series 
of twenty-three articles. Here is one of these confessions 
of faith :—** When ether is uninfluenced by external forces, 
it rises from the surface of the earth or anti-gravitates ; 
and when atoms or molecules absorb this fluid, they 
increase in volume in the ratio to the quantity of this fluid 
absorbed, and they become in that ratio also specifically 
lighter. Therefore atoms and molecules are not constant 
in dimensions.” Merely to state Mr. Hovenden’s ideas 
would take up many of our columns, and as anything we 
might say about them would assuredly be accepted as 
commendation, it is judicious to refrain from traversing 
his arguments. The many experiments he has made 
indicate that he is a man of energy and ingenuity; but 
the conclusions drawn from the experiments are sufficient 
to prove, to every competetent judge, that his perspicacity 
is as faulty as his knowledge of molecular physics is 
deficient. 

A Handbook to the Order Lepidoptera. 
F.L.S., F.E.S. Part I, Butterflies. Vol. I, pp. 245. 
(London: W. H. Allen & Co., Limited, 1894.) ‘This is 
another volume in the ‘“ Naturalist’s Library,” edited by 
Dr. Bowdler Sharpe. Like its companions, it is readable, 
instructive, and well illustrated, and Mr. Kirby's name is 
a sufficient guarantee for accuracy and completeness of 
work in the present state of knowledge, ‘The volume 
deals with the great family Nymphalide taken in their 
broad sense, and the second volume will be devoted to the 
remaining families, so that the two will form a complete 
work on butterflies. The young collector and the serious 
student of entomology should certainly add the volumes to 
their libraries. They will thus possess an excellent work, 
not only on British butterflies, but on the butterflies of the 
world. 


Elements of Astronomy. By George W. Parker, M.A. 
Pp. 282. (London: Longman, Green & Co.) Judging from 
this production, we should say that the author has only 
a limited acquaintance with astronomy. It may appear a 
mere cavil to complain that the work lacks originality, for 
the mathematical principles involved in developing the 
theory of celestial motions are the same yesterday as 
to-day. Nevertheless, when a work such as Herschel’s 
‘‘Qutlines”’ or Young’s ‘‘ General Astronomy ” appears, 
something new and attractive in the mode of presentation 
is apparent to every competent critic. The fact is, Mr. 
Parker has fashioned his work according to the require- 


By W. F. Kirby, 
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II.—PHOTOGRAPH OF THE MILKY WAY IN SAGITTARIUS. 


Taken with the Star Camera of the Sydney (New South Wales) Observatory. 
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ments of students in Trinity College, Dublin, and aspirants | 


for degrees in the London and Royal Universities; there- 
fore the real seeker after knowledge will have little interest 
in it. There are numerous examples and examination 
papers, and these will doubtless help to fix the elementary 
principles of astronomy in the students’ minds. But to an 
experienced eye it is evident that the author is out of his 
depth when he essays to describe the appearance and 
constitution of things celestial. He apparently accepts 
Schiaparelli’s conclusions as to the rotation periods of 
Mereury and Venus, though later work has practically 
disproved the hypothesis in the latter case. Again, he is 
too fond of quoting descriptions of heavenly bodies, for- 
getting that quotation is generally a sign of weakness. 
For instance, all that is said about the ring nebula in 
Lyra is the following sentence from Sir Robert Ball: « It 
consists of a luminous ring, but the central vacuity is not 
quite dark, but filled in with faint nebula, like a gauze 
stretched over a hoop.” Nothing can justify such frag- 
mentary treatment as this. Then the spectrum of the 
white stars is said to consist of dark hydrogen lines, and 
‘‘with the exception of these lines the spectra are con- 
tinuous.”’ There are many similar inaccuracies, but enough 
has been said to show the nature of the book—a book 
which possesses few features worthy of commendation. 


Kdible and Poisonous Mushrooms. By M. C. Cooke, 
M.A., LL.D. Pp. 126. (Society for Promoting Christian 
Knowledge.) It has been said that ‘‘ mushrooms are the 
gift of nature,’ but Dr. Cooke’s little volume shows that 
many of us do not fully appreciate nature’s bounties. By 
means of eighteen coloured plates, illustrating forty-eight 
species, the differences between edible and poisonous mush- 
rooms areclearly shown. Experienced fungus-eaters know 
that some seventy or eighty common species found in this 
country may be eaten with safety, but it is sufficient to be 
able to recognize eight or ten of these in order to provide 
all the variety an ordinary person requires. That some of 
the repulsive-looking mushrooms figured in this volume 
are edible will be a revelation to most people. Dr. Cooke 
remarks that the chief features exhibited by poisonous 
mushrooms are—disagreeable odour; change of colour, 
especially to a dark blue, when cut or bruised ; distinctly 
unpleasant taste when a fragment is eaten raw; and fungi 
containing a milky juice. These general rules serve 
roughly to distinguish bad from good fungi; but a refer- 
ence should be made to Dr. Cooke’s figures and his concise 
descriptions, or to some other competent authority, before 
eating any doubtful species. As an aid to such discrimi- 
nation the book will be extremely useful. 

Climbing in the Himalayas ; Maps and Scientific Reports. 
By W. M. Conway, M.A., F.S.A., F.R.G.S. Pp. 127. 
(London : Fisher Unwin. 1894.) The publication of these 


scientific reports as a supplementary volume to Mr. | 


Conway’s general description of his expedition to the 
Karakoram-Himalayas was, perhaps, the best course to 
adopt both from the points of view of the general reader 
and of the man of science. We find in these reports a 
list of measured altitudes, notes on specimens of rocks, 
plants, butterflies, and moths, collected during the journey ; 
a description of two skulls brought by Mr. Conway from 
Nagyr (and which are very similar to a series of skulls of 
Kashmiris) ; a discussion of the symptoms of mountain 
sickness and the sphygmograph tracings obtained at 
different altitudes ; and a large map showing the physical 
features of the region traversed and surveyed, together 
with explanatory notes. Each report is written by a 
specialist, and hence the whole collection makes a volume 
of high scientific value. 

















Meteorology, Practical and Applied. By John William 
Moore, B.A., M.D., &c. Pp. 445. (F. J. Rebman.) Good 
books on meteorology are none too numerous, though the 
number of meteorological observers is very large, and 
though everyone is interested in weather changes and 
their prediction. In Dr. Moore's attractive volume we 
have a welcome addition to the literature of the science, 
appealing not only to meteorologists in general, but to 
medical officers of health, and to a wide circle of readers 
who find pleasure in an untechnical description of methods 
of observation, and the knowledge to which they have led. 
The work is divided into four parts: first comes a his- 
torical introduction ; then a description of the instruments 
and methods of practical meteorology; the third part 
treats of climate and weather; and the fourth is on the 
influence of weather and season upon disease. The whole 
is well put together, and there is nothing which cannot be 
comprehended by anyone of ordinary mental capacity 
and fair education ; while the copious illustrations assist 
in brightening the excellently-printed text. A distinctive 
and valuable feature of the book is the chapter on the 
organization of the british Meteorological Oftice, running 
into eleven pages. We cannot understand, however, why 
more than fifty pages should be devoted to the history, 
organization, and work of the United States Weather 
Bureau, or why a long list should be given of the publica- 
tions of the United States Signal Service. Possibly 
Dr. Moore was tempted to include this extended account 
because Mr. Mark Harrington prepared it. The greater 
portion of the book is made up of extracts and abstracts, 
but as these have been judiciously selected, and as references 
are always given, the volume possesses additional value to 
the student. Altogether, we think Dr. Moore has given 
his professional brethren, and his fellow-observers in 
meteorology, a very useful work. 

Progress of Flying Machines. By O. Chanute, C.K. (‘‘The 
American Engineer and Railroad Journal,” 47, Cedar 
Street, New York. 1894.) Whi'e it must be acknowledged 
that the conquest of the air is a very difficult matter, as 
far as rapid flight is concerned, its possibility is, at last, 
admitted by all those who have seriously considered the 
subject. It is, therefore, with very considerable satisfaction 
that we have to announce the publication of this book, 
which must become a standard work for many years to 
come. ‘The volume consists cf a series of articles contri- 
buted to twenty-seven issues of V’he Americun Engineer, 
from October, 1891; to which Mr. Chanute has added an 
appendix containing an article on the flight of the alba- 
tros, by ‘Thomas Moy, and a description of the interesting 
and ingenious experiments in sailing flight by Otto 
Lilienthal. The book is full of interesting matter, and 
very carefully written. 

Proceedings of the International Conference on Aerial 
Navigation, held in Chicago, August Ist, 2od, 3rd and 4th, 
1893. (* ‘I'he American Engineer and Railroad Journal,” 
47, Cedar Street, New York. 1894.) This is ano:her 
valuable work upon the same subject, consisting of full 
reports of the Congress held in Chicago in connection with 
the Exhibition of that year. The treatment of the subject 
by the most able men of the day cannot fail to make the 
book both instructive and thoroughly enjoyable. 

Ponds and Rock Pools. By Henry Scherren. Pp. 204. 
(The Religious ‘'ract Society.) Young collectors and bud- 
ding biologists will find in this volume an abundance of 
information concerning the beauties of microscopic sea-life, 
and the inhabitants of ponds. They will learn something 
about the habits of the plants and creatures they collect, 
and will be guided to see and discover similarities and 
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differences between the various forms; they will, in fact, | 
be initiated into the ways of true naturalists, for science is | 
made up of the accumulation of facts and the discussion 
of their relation to one another. This both instructs in a | 
definite line of work fairly easy to follow, and while it will 
certainly develop interest in microscopic aquatic life, it 
may also help in the education of scientific investigators. 
A chapter on the management of the micro-aquarium 
shows the student how to stock and study the objects he 
collects. 
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SUSSEX: ITS GEOLOGICAL STRUCTURE. 
By Prof. J. Logan Lostey, F.G.S., &e. 


lew 


USSEX geologically may be considered to be a 
counterpart of Surrey, since it is mainly formed by 
the southern half of the great anticlinal of which 
Surrey occupies so large a part of the northern 
half; while, therefore, their general dip is in an 

opposite direction, the formations, with one or two excep- 
tions, are the same in the one county as in the other. 
The Thanet Sands, the Oldhaven Beds, and the Bagshot 
Sands of Surrey are absent in Sussex; but, on the other 
hand, the more southern county exposes lower beds than | 
any having an outcrop in Surrey, for the lowermost 
members of the Hastings Sands form a large area in 
Sussex, and the still older Ashburnham Beds, once included 
in that division of the Wealden series, but now classed with 
the Purbecks, are at the surface near Hastings and Battle. 

As the main Wealden anticlinal axis extends east and 
west, not far distant from the north side of the county, the 
dip of the formations of Sussex generally is towards the 
south. The beds of the narrow strip of country between 
the anticlinal axis and the northern boundary, of course, dip 
to the north, and the central area of the county is so 
faulted that there is in that district much local diversity of 
dip. But the feature of Sussex that renders it most con- 
spicuously different from the quite inland county of Surrey 
is its long coast-line, which presents a front washed by 
the English Channel of about 90 miles. Sussex is about 
78 miles in length from the Hampshire boundary on 
the west to Kent Ditch on the east, with a somewhat 
regular breadth, having a maximum of about 27 miles, 











giving a total area of 934,006 to 949,881 acres, which 
exceeds the area of Surrey by 447,867 to 468,842 
acres. 

‘he main physical divisions of Sussex, each of distinctly 
different geological structure, may be stated to be:— 
(1) The district at the south-west of the county lying 
between the South Downs and the sea; (2) the area of 
the Downs; (8) the valley along the north foot of the 
Downs; (4) the elevated lands at the north-west, and 
extending southwards and eastwards north of the Downs ; 
(5) the great Weald Vale; and (6) the Forest district. 

It will be seen that these correspond very closely with 
the physical divisions of Surrey, and that a most con- 
spicuous feature in each county is the Downs area, but 
there is one important exception, for the Bagshot district 
of sandy heaths is quite unrepresented in Sussex. 

The Forest district occupies a very large area, since it 
forms the central portion and the whole of the north- 
eastern part of the county. It extends along the ridge 
and on both sides of the main Wealden anticlinal, and 
consists of elevated land, varied with numerous small and 
some considerable valleys, and attains at Crowborough 
Beacon, in Ashdown Forest, an elevation of 796 feet 
above Ordnance Datum. It is a richly wooded district, 
which, with its diversity of surface, gives great picturesque- 
ness, with, in some areas, much wildness of aspect. St. 
Leonard’s Forest, Tilgate Forest, Worth Forest, Balcombe 
Forest, and Ashdown Forest, cover very large areas of 
the highest ground, while many beautiful parks adorn the 
slopes and valleys, including the grandly timbered Eridge 
Park, the oldest deer-park in England. The forest ridge, 
extending to the sea, gives the lofty cliffs from Hastings to 
Fairlight Head, which at the coastguard station rise to 
478 feet above the level of the sea. 

The whole of this extensive area is formed by the 
Hastings Sands and the patches of Purbeck beds before 
mentioned ; the highest levels in Ashdown Forest con- 
sisting of the lowest division of the sands, the Ashdown 
Sands, 

A considerable amount of interest attaches to the Purbeck 
beds of Sussex, since the celebrated Sub-Wealden boring 
of 1872-74 was carried out in Limekiln Wood, near Battle, 
on these beds, as the lowest geologically of the whole of the 
Wealden area. Although, at 1780 feet, Paleozoic rocks 
with coal were not reached, as expected by some, the 
results were both of scientific and economic importance, 
for the true character and position of the Ashburnham 
beds were determined, the thickness here of the underlying 
formations ascertained, and valuable beds of gypsum were 
struck within 140 feet from the surface. 

Dipping at a greater angle than the surface slope, the 
Ashdown Sands pass under the middle and upper members 
of the Hastings Sands, which constitute the greater portion 
of the Forest district, and of this portion the Tunbridge 
Wells Sands form much the larger area. These are for 
the most part soft, white sand-rocks, of which the well- 
known ‘‘ Rocks” of Tunbridge Wells and Eridge, and the 
‘*Toad Rock” of Rusthall are good examples; but near 
Cuckfield they furnish a hard building stone, the Tilgate 
grit, in which Dr. Mantell’s Jguanodon was first found. 
It was chiefly from the Wadhurst Clay, between the Ash- 
down and the Tunbridge Wells Sands, that the ironstone 
nodules were obtained that furnished the Wealden iron ot 
the last and preceding centuries. Many names are met with 
in Sussex that serve as memorials of the old iron industry 
of the Weald. ‘ Mine-pits” may still be found in the 
woods of the Ashburnham district, and slag-heaps over- 
grown with vegetation at the sites of the former furnace 
fires. 
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The Forest district is greatly faulted, which places lower 
beds in surface contiguity with higher in many places, and | 
so greatly diversifies the subsoils. 

The great Weald Vale of Sussex is continuous with that 
of Surrey, and, spreading to the west and south, forms a | 
broad area to the west of the Forest district, and extends 
southwards and eastwards round its western end and along 
its entire southern side. This is also a very extensive 
area, and is altogether formed by the vast thickness of 
accumulated estuarine clays named the Weald Clay, which 
here, as in Surrey, forms an undulating plain, and supports 
abundant oak timber. The clay is variable in character 
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into the English Channel. There is a considerable 
amount of low flat land in the river valleys, especially in 
those of the Arun and the Ouse, which is formed of 
Alluvium giving rich pasturage. 

The South Downs are the southern remnant of the great 


| sheet of Chalk that covered the whole area of the Weald 


continuously with that now forming the North Downs. 
The summit of the ridge and the southern gentle slope 
consist, therefore, of the Upper Chalk, while the Lower 
Chalk and the underlying Upper Greensand crop out on the 
face of the northern steep slope or escarpment, the dip of 
the beds being about 2° as in the North Downs, but to the 
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and is worked for both coarse brick and tile clay, and for 
the finest terra-cotta clay, as at Ditchling Common. 
Included in the Weald Clay are three thin beds of lime- 
stone, one of which is called Sussex marble on account 
of its containing abundant Paludine, like the Purbeck 
marble, and four beds of sands or sandstones, the lowest 
of which constitutes the building stone known as Horsham 
stone. 

The elevated district at the north-west of the county, 
and curving round the west end of the Weald Vale to the 
south, and then extending at a lower elevation to the east 
on the north side of and roughly parallel with the South 
Downs, is the Lower Greensand area of Sussex. This 
formation does not form so large a proportion of the area 
of the county as it does in Surrey, but attains almost as 
great an elevation, for at Black Down it rises to 918 feet 
above the level of the sea. 

All along the base of the northern steep slope or escarp- 
ment of the South Downs there extends a series of vales 
answering to the long valley of Holmesdale at the foot of 
the escarpment of the North Downs, and having like it 
a narrow outcrop of the Gault forming its bottom levels ; 
and like it, too, separated from the Weald Clay Vale by a 
Lower Greensand ridge, though of a less pronounced | 
character. This vale broadens where a river crosses to 
enter the Chalk area, but the Gault is there covered by 
Alluvium. South-west of Rye the outcrop of the Gault 
widens considerably, as it does also in the west of the 
county. 

The commanding range of hills, the South Downs of 
Sussex, running from the Hampshire boundary to Beachy 
Head, is about fifty-five miles in length, and attains an 
elevation of 818 feet at Ditchling Beacon, which is 68 feet 
less than the summit elevation of the North Downs, that 
being 881 feet above the level of the sea. The following 
heights above Ordnance Datum give the elevation of well- 
known points on the range from west to east: Treyford 
Hill, 771 feet ; Cocking Down, 734 feet; Duncton Down, 
837 feet ; Bignor Hill, 738 feet; Kithurst Hill, 697 feet ; 
Highden Hill, 667 feet; Chanctonbury Ring, 783 feet; 
Cisbury Hill, 603 feet; Truleigh Hill, 600 feet ; Devil’s 
Dyke, 697 feet; Ditchling Beacon, 813 feet; Iford Hill, 
610 feet; Firle Hill, 700 feet ; Willingdon Hill, 665 
feet; Beachy Head, 512 feet. 

Like the North Downs, the South Downs are crossed by 
four valleys, through which flow rivers that drain the 
interior Wealden area. The four rivers crossing the area 
of the South Downs are from west to east, the Arun, the 
Adur, the Ouse and the Cuckmere, which all flow directly | 
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south instead of to the north. In the neighbourhood of 
Newhaven and of Seaford are outliers of Woolwich Beds 
over the Chalk, and at Brighton there is the Temple 
Combe deposit. The South Downs are not so extensively 
covered at high levels with superficial deposits as are the 
North Downs, and consequently are not so well wooded. 
They give long stretches of beautiful sward, firm yet elastic, 
affording magnificent walking and riding ground in the 
purest atmosphere. They are traversed by paths, but ia 
many places so indistinct that they are easily lost, and at 
Storrington the church bell is tolled, as in the old curfew 
days, to guide belated travellers across the Downs. 

Although the great proportion of the area of the South 
Downs is open grass-land, giving excellent pasture to the 
far-famed South Down sheep, yet there are some splendidly 
timbered parks on their slopes, for the noble parks of 
Goodwood, Arundel, Angmering, and Stanmer are all on 
the sunny southern slope of the South Downs. From 
Beachy Head to Brighton the Downs form the coast, 
giving lofty sea-cliffs ; then westwards, they leave the 
shore-line and gradually recede from the sea, running 
north of Chichester to the Hampshire boundary. 

The area at the south-west of the county lying between 
the Downs and the sea projects southwards, and forms 
the promontory of Selsea Bill. This is the Tertiary 
area of Sussex, the whole being formed by Eocene 
formations though cverlaid by superficial deposits of 
gravels, sands, and brick-earth. The Woolwich and 


| Reading Beds form the northern portion, the London 


Clay the central, and the Middle Bagshot or Bracklesham 
Clays the southern part. These formations are so obscured 
by their covering of drift that the Middle Bagshots are only 
seen at the sea-shore of Bracklesham Bay, while the beds 
of London Clay age appear at the surface at Bognor only. 
The long coast-line of Sussex is greatly diversified in 
elevation a3 it is in geological character. The low level 
Selsea Bill at the west continues to Brighton with little 
alteration of elevation, but thence to Beachy Head the 
coast is bold, presenting lofty cliffs of chalk to the sea, the 
cliff at Beachy Head being 341 feet above sea level. From 
Eastbourne to Hastings there is a stretch of low land 
which is succeeded by the bolder coast of the Hastings 
sands, with Hastings Castle at 189 feet, and Fairlight 
coastguard station at 478 feet above sea level. The 
alluvial flats at the mouth of the River Rother give a low 
coast at the most eastern end of the Sussex coast-line, 
corresponding to the west end of the county. Although 
at some points shingle and blown sand are being 
accumulated, at other places the coast is being vigorously 








92 KNOWLEDGE. 


— . 


[Aprin 1, 1895. 








attacked by the waves, and, as at Brighton, where the 
coast-line has greatly receded in historical times, costly 
works are required to prevent further and most destructive 
encroachments. 





THE HOUSE-SPIDER IN CAPTIVITY. 


By the Rev. Henry D. Nicnonson, M.A. 


AVING caught a common house-spider, | put it 
under a glass shade for the night. The next morn- 
ing it had spun some web, but all on the wooden 
stand of the shade, with guy threads reaching 
a short way up to its sides. Evidently the spider 

was unable to climb up the glass, and thus was prevented 

from making a perfect web; so 1 made a small cage of per- 

forated zinc, with a removable glass front, to which I trans- 

ferred the captive. The next night it made a fresh web— 

a tangled, shapeless festoon, sloping upwards at an angle 
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of about forty-five degrees, and secured to the roof of the 
cage. Here the spider remained through the day, motion- 
less in a corner on the bottom of the cage but not in the 
web, which indeed appeared unable to support its weight, 
except in the densest part, quite at the base. 

I then captured another spider, rather larger than the 
first, and of a different species, and introduced it into the 
cage. The new comer immediately prepared to attack 
the previous occupant, marching along in a clumsy style 
till close before its enemy. Then it reached out a long 
leg, which action was resented by the first occupant by a 
sudden quick dart and 
retreat, several times 
repeated, the intruder 
remaining perfectly in- 
different to the demon- 
strations. At last the 
first turned tail and 
made off, pursued by the 
: neieiNert aggressor in the same 
ee a dogged stalking fashion 
round and round the 
cage. At length hostilities ceased, and I retired for the 
night, leaving both the spiders at rest in opposite corners. 

Next morning I found them engaged in deadly combat, 
close locked together on the bottom of the cage. 

I immediately set the cage on a table near a window 
with good light, arranged my camera, and took the above 
picture. An hour afterwards the battle was over, the 
intruder vanquished, and the conqueror was devouring its 
yictim. Voe victis! 
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H. F. Foster, London. Im 
provements in gas and other in- 
ternal combustion engines. This is 
atandemengine. The upper cylin- 
der C is the small cylinder, and 
the lower cylinder C? is the large 
cylinder. D is the trunk piston. 
Within the trunk are two pistons 
I I*, connected together by a 
piston rod K, the rod passing 
through a stuffing box, and thus 
forming two air cushioning 
chambers } b', for relieving the 
shocks arising from the explo- 
sions. The cycle of operations 
is as follows :— 

1. On the down stroke, the 
top cylinder’s charge is exploded 
while the bottom cylinder is 
inhaling a new charge. 

2. On the up stroke, while 
the upper cylinder is exhausting, 
the lower cylinder is compressing 
its new charge. 

3. On the down stroke, the 
lower cylinder is now exploding 
while the upper cylinder inhales 
its new charge. 

4. On the up stroke, while the 
lower cylinder is exhausting, the 
upper cylinderis now compressing 
its new charge. 

During the four strokes two 
explosions are obtained. 

No. 2064. Dated 31st Jan- 
wary, 1894. Accepted 31st 
January, 1895. Two figures. 
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C. K. Welch, Coventry. Improvements in tension or suspension 
wheels. This invention applies to wheels with hollow rims, having 
two thicknesses or sections of metal between the tyre and the hub; 
and provides a detachable cup or nipple, bearing upon both parts of 
the tubular rim; the spoke being secured by screwing the nipple 
upon it. The drawings consist of thirteen figures illustrating various 
methods of carrying out the invention. 

No. 4449. Dated 2nd March, 1894. Accepted 2nd February, 
1895. 

++ 


C. J. Brown, London. Im. 
provements in apparatus for 
heating water or steam ; also appli- 
cable for condensing purposes. 
This invention consists of an im- 
proved form of tube and tube plate, 
whereby an uninterrupted course 
is allowed for the precipitation 
and deposit of mud, saline, lime, 
and other impurities, and free 
access is allowed to the exterior of 
the tubes from both ends of the 
heater. 

Referring to the figure, the in- 
vention will be readily under- 
stood, Ais the casing, in section, 
having the water inlet (not shown 
in the figure) into the casing at 
the level of ed. C is the outlet; 
E are the tubes; D is an annular 
tube plate; G is the steam inlet 
and H the steam outlet. The space 
Lis divided into two semi-annular 
chambers. M is the space pro- 
vided for the collection of sedi- 
ment, etc. 

No. 5766. Dated 20th March, 
1894. Accepted 2nd February, 1895. Four figures. 



































XUM 

















THE MAGNETIC NEEDLE. 
By Vaucuan Cornisu, M.Sce., F.C.S. 


F we may consider any body which has the property of 
attracting iron as being a magnet, then the earth 
itself must b2 looked upon as the primitive magnet. 
Iron is not necessarily a magnet, but every piece of 
iron has a tendency to become one under the induc- 

tive action of the earth’s magnetic force. If a piece of 
soft iron be placed in a vertical position its lower end 
becomes, in these latitudes, a north-seeking magnetic pole, 
and by hammering the bar while in this position it becomes a 
permanent magnet. An iron ship in course of building is 
subjected to constant hammering, and when it leaves the 
stocks is a powerful and permanent magnet. Native iron 
is very rarely met with, but an oxide of iron called 
loadstone, containing seventy per cent. of the metal, occurs 
abundantly, and may in a certain sense be considered as 
the vrimitive magnet. 

With the exception of steel and iron, some of the iron 
ores, and the allied metals cobalt and nickel, all other 
bodies are practically non-magnetic; their magnetic pro- 
perties being almost infinitesimal in comparison with those 
of iron. This circumstance gives a peculiar character to the 
science of magnetism, and makes the study of the subject 
very different from that of electricity, which is associated 
with all sorts of materials. Another striking difference 
between magnetism and statical electricity consists in 
the fact that we cannot isolate ‘‘ north” magnetism 
from ‘“‘ south ” magnetism, as we do positive from negative 
electricity. When an iron or steel bar is magnetized, 
positive and negative magnetism are produced in equal 
strength and the magnet has its north and south pole. 
We cannot draw off the ‘“‘ south” magnetism and leave a 
‘‘north ” magnet. The experiment may readily be 
tried on a watch spring which has been magnetized, 
after having been heated to redness and _ cooled 
suddenly. The watch spring can now be easily broken, 
and each piece is found to have its north and south end 
after every occasion of breaking the spring. The north 
and south ends may be tested by bringing them near to the 
end of a light and delicately suspended magnet, which 
readily moves if attracted or repelled. Since the north 
and south poles of a magnet act in opposite ways and are 
always of equal strength, it is evident that the further apart 
the poles of a magnet are the more likelihood there is of 
obtaining definite and simple effects, such as can readily be 
understood. The use of the common horse-shoe magnet is 
apt to confuse the tyro, although convenient when the 
object is to attract powerfully a piece of unmagnetized iron, 
which is attracted both by the north and by the south pole. 
Hence the convenience of the horse-shoe form, v.g., for 
setting the index of a registering thermometer. A ‘‘ keeper” 
of soft iron which prevents leakage of magnetism is also more 
conveniently employed with the horse-shoe form, but for 
those who wish to study the elementary phenomena of 
magnetism the bar magnet is much better. In a sewing 
needle, for instance, the mass of metal being small, the 
magnetic charge is necessarily small also, and the poles 
are fairly well out of each other’s way. 

Some of the simpler magnetic phenomena may be very 
conveniently observed with the aid of a sewing needle, 
which is laid gently on the surface of still water after 
having been magnetized by being drawn across the pole of 
a magnet. The first thing noticeable is that the needle 
generally twists about its middle point, after the hand has 
left it free, and then rests in its new position. Ifa second | 
magnetized needle be placed in another basin, it will be 
sven that hoth needles point in the same direction. They | 
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both lie in a northerly direction, known as the magnetic 
meridian. The effects above described, due to the earth’s 
magnetic force, are different from those produced by 
bringing the pole of a bar magnet near the floating needle. 
In that case the needle not only turns to the magnet but 
follows it, whereas the earth’s magnetism gives the needle 
a twist but no pull. If there were such a pull the needle 
would readily show it, for the resistance of the water is 
less to a motion lengthwise than to the turning of the 
needle about its middle point. It has been said that the 
earth acts somewhat as if there were a great bar magnet 
about half the length of the earth’s axis buried inside it, and 
making a small angle with the axis of the earth’s rotation. 
Although such an analogy is a very rough one and will 
not stand being pushed very far, nevertheless, it represents 
the facts sufficiently well to be employed as a means 
of explaining the general character of these elementary 
phenomena. It is evident that the pole of such a magnet, 
which is by hypothesis situated at a great distance, could 
only exercise a twisting, not a pulling, force on a magnetized 
needle. The two poles of the needle being practically at 
the same distance from the pole of the great magnet, the 
attraction and repulsion on the north and the south poles 
of the magnet respectively will be equal in amount. A 
push at one end of the needle and an equally strong pull 
at the other cannot drag the needle along, but, if the 
needle be set across the line of force, the push and the 
pull will act together so as to twist the needle into the 
direction of the line of force, the magnetic meridian. 

In the same way the magnetized needles attached to the 
under side of the card of a ship’s compass keep the card 
always in the same position, so that as the ship’s head 
turns, the binnacle or compass box revolves round the 
stationary card, and the “lubber” line marks the point of the 
compass towards which the ship’s head is turned. The 
card to which the compass needles are attached has in its 
centre a brass socket, with a piece of agate at the bottom, 
which is supported by an upright pin. A slight amount of 
friction is all that opposes the tendency of the needle to 
keep in the magnetic meridian during the turnings of the 
ship’s course. This arrangement does not show, however, 
whether the earth’s directing magnetic force is horizontal 
or not. The needle and card are free to turn horizontally, 
but a downward or upward twist, unless very powerful, 
would expend itself without visible effect against the rigid 
parts of the apparatus. In the same way, with the sewing 
needle floating on water, the repulsion between the 
greasy surface of the needle and the water surface is 
sufficient to resist the downward pull of gravity, and 
would prevent us from observing a vertical twist 
unless it were a powerful one. To show the true line 
of action of the earth’s directing force upon a magnet, 
we must use ‘a needle’’ mounted on a _ horizontal 
axis and free, except for the earth’s magnetic action, to 
turn in a vertical plane. The form of needle used for 
showing the magnetic dip is the long lozenge shape. If 
the dip needle be placed so that a line joining the supports 
be in the magnetic meridian, the needle hangs vertically, 
and, if the apparatus be gradually turned round, the lower 
end of the needle tends to rise until when the needle is in 
the magnetic meridian the dip, or angle which it makes 
with the horizon, is in these latitudes about 67°. Thus in 
England the line of the earth’s magnetic force slopes steeply 
downwards in a northerly direction. The point or points 
towards which magnetic needles turn are not the ‘‘ magnetic 
poles ”’ of the geographer: those are positions on the earth’s 
surface where the dipping needle points vertically down- 
wards. The direction in which such a needle points would 
meet the direction in which, say, a Greenwich needle 
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points at some two thousand miles down in the bowels 
of the earth. This shows that the centres of the earth’s 
magnetic action are deep-seated. The term magnetic poles 
for places on the earth’s surface is perhaps somewhat mis- 
leading. These positions are not poles in the sense in which 
the term pole is used in connection with a bar magnet or a 
magnetic needle. In these cases we mean positions near 
the ends, where there is greatest concentration of magnetic 
strength, centres of force in the magnet. The dip of 67° 
in these latitudes shows, as has been said, that the centres 
of magnetic force in the earth are deep-seated. If there 
be ‘poles’’ comparable to those of the poles of a bar 
magnet, they must be even further from the surface of the 
earth than the point at which the direction of the 
Greenwich dipping needle meets the direction of the needle 
where the dip is 90°. 

The strength of the earth’s magnetic force has been 
measured in the same way as other forces, in terms of the 
weight exercised by a given mass under the action of 
gravity. The determination of the earth’s magnetic force 
requires two principal sets of observations. In the first 
the earth’s action upon a magnetic needle is opposed to the 
strength of a bar magnet. We find in this way how many 
times stronger is the action of the magnet on the needle 
than is the earth’s action. If we call H the force exerted 
by the earth (so much of it, at least, as comes into play in a 
horizontal direction) and M the strength of the magnet, then 


our experiment determines the numerical value of Fi’ In 


the second series of observations, we allow the earth’s 
magnetism to act with and reinforce the strength of the 
magnet, and we determine the value of the two forces 
acting together and reinforcing one another. Our 
numerical result is now in the form of a product, viz., the 
strength of magnet multiplied by the horizontal component 
of the earth’s magnetic force, or M x H. The method 
employed is to suspend the same bar magnet as that used 
in the last experiment by a fine wire or thread. The 
magnet is placed in a stirrup, and the axis is horizontal. 
Matters are arranged so that when the fibre is without 
torsion the magnet lies in the magnetic meridian. The 
magnet is then twisted round its point of suspension, 
twisting the wire at the same time. Letting go the magnet, 
we observe the rate of oscillation as the fibre twists and 
untwists. The rate of oscillation is quicker than that of 
an unmagnetized bar under the same conditions, for the 
magnetic force acting between the earth and the poles of 
the magnet assists the elasticity of the wire to overcome 
the inertia of the iron bar. This acceleration of the 
oscillation gives the value of Mx H. In the former 


3 M 
experiment we determined H’ The value of H can now be 


calculated, since if we divide the value MH (obtained 


M 
when earth and magnet force act together) by H (obtained 


when the earth acts against the magnet) the quotient is 
the square of H. As we know the angle which the line of 
action of the earth’s force makes with the horizon (from 
the dip observation), we can readily calculate the total 
magnetic force of which H is the horizontal component. 
In some observations made in the north of England the dip 
was 674°. Hence the total force would be about twice the 
horizontal component. In experiments in the same locality 
of which we have the data before us it was found that H was 
15 dynes ; therefore, the earth’s magnetic force was about 
‘3 dynes. The dyne is the unit of force of the centimetre- 
gramme-second system of units, and it is equal to about ‘016 
of the weight ofa grain in the Jatitude of London ; «3 dynes 





is, therefore, equal to about one two-hundredth of a grain, 
and ‘15 dynes, the value of H, to about one four-hundredth 
of a grain. This small force, of the origin of which we 
are ignorant, keeps the needle true to the pole. 








Tue rumour that new veins of very fine gold in abundant 
working quantities have been discovered in British Guiana 
will excite interest beyond City circles. The fact is that 
the mineral resources of that land are unknown, and 
although much of its natural history has been explained, 
and obscure points partially cleared up, particularly of late 
years, the field for original research, especially in the study 
of the habits of animals, is almost unlimited. 








THE FACE OF THE SKY FOR APRIL. 
By Hersert Sapter, F.R.A.S. 


UNSPOTS and facule show but small signs of 
decreasing in number or size. Conveniently 
observable minima of Algol occur at 11h. 22m. 
p.M. on the 8th, and 8h. 10m. p.m. on the 11th. A 
maximum of the beautiful variable star R Leonis 

takes place on the 11th. 

Mercury is too near the Sun to be observed with any 
advantage in April. 

Venus is an evening star, and is well situated for 
observation. On the 1st she sets at 9h. 17m. p.m., or 2?h. 
after the Sun, with a northern declination of 15° 9’, and 
an apparent diameter of 112”, .57,ths of the disc being 
illuminated. On the 11th she sets at 9h. 50m. p.m., with 
a northern declination of 19° 6’, and an apparent diameter 
of 12}”, 83,ths of the dise being illuminated. On the 
21st she sets at 10h. 19m. p.m., or 34h. after the Sun, 
with a northern declination of 22° 14’, and an apparent 
diameter of 122”, ,82,ths of the disc being illuminated. 
On the 80th she sets at 10h. 44m. p.m., with a northern 
declination of 24° 18’, and an apparent diameter of 13}, 
~ofsths of the disc being illuminated. During the month 
she passes through a portion of Aries into Taurus. 

Mars is, for the purposes of the observer, invisible. 

Jupiter is an evening star, and is still well situated 
for observation. On the 1st he sets at 1h. 29m. a.m., with 
a northern declination of 23° 27’, and an apparent equa- 
torial diameter of 363’, the phase on the f limb amounting 
to 0°33’. On the 12th he sets at Oh. 58m. a.m., with a 
northern declination of 23° 29’, and an apparent equa- 
torial diameter of 354". On the 22nd he sets at Oh. 25m. 
A.M., With a northern declination of 28° 29’, and an 
apparent equatorial diameter of 343”. On the 30th he sets 
at 11h. 56m. p.m., with a northern declination of 23° 28’, 
and an apparent equatorial diameter of 34:0", the phase 
amounting to ;*,ths of a second. He describes a direct path 
in Gemini, from the north-west of 4 Geminorum to the 
north-west of » Geminorum. The following phenomena of 
the satellites occur while the planet is more than 8° above 
and the Sun 8° below the horizon. On the 1st a transit 
egress of the shadow of the second satellite at 8h. 11m. 
p.M. On the 2nd a transit ingress of the shadow of the 
fourth satellite at 10h. 29m. p.m. On the 8rd an eclipse 
reappearance of the third satellite at 8h. 4m. 58s. p.m. 
On the 6th an occultation disappearance of the first satellite 
at Oh. 9m. a.m.; a transit ingress of the first satellite at 
9h. 21m. p.m., of its shadow at 10h. 36m. p.m.; an 
occultation disappearance of the second satellite at 10h. 47m. 
P.M.; @ transit egress of the first satellite at 11h. 88m. p.m. 
On the 7th an eclipse reappearance of the first satellite at 
10h. 8m. 50s. p.m. On the 8th a transit ingress of the 
shadow of the second satellite at 8h. 6m. p.m., a transit 
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egress of the ‘satellite itself at 8h. 20m. p.m., and of its 
shadow at 10h. 49m. px. On the 10th an occultation 
disappearance of the fourth satellite at 7h. 55m. P.M. ; 
an eclipse disappearance of the third satellite at 
9h. 6m. 51s. p.m. ; an occultation reappearance of the 
fourth satellite at 9h. 48m. p.m. On the 18th a transit 
ingress of the first satellite at 11h. 19m. p.m. On the 14th 
an occultation disappearance of the first satellite at 
8h. 87m. p.m. On the 15th a transit egress of the second 
satellite at 8h. 6m. p.m. ; a iransit ingress of the second 
satellite at 8h. 25m. p.m.; a transit egress of the shadow 
of the first satellite at 9h. 18m. p.m. ; a transit ingress of 
the shadow of the second satellite at 10h. 44m. p.m.; a 
transit egress of the second satellite at 1lh. 5m. p.m. On 
the 17th an occultation disappearance of the third satellite 
at 8h. 20m. p.m., and its occultation reappearance at 
11h. 21m. p.m. On the 21st an occultation disappearance 
of the first satellite at 10h. 86m. p.m. On the 22nd a 
transit ingress of the shadow of the first satellite at 
8h. 55m. p.m.; a transit egress of the satellite itself at 
10h. 4m. p.m. ; a transit ingress of the second satellite at 
11h. 9m. p.m.; a transit egress of the shadow of the 
first satellite at 11h. 13m. p.m. On the 23rd an eclipse 
reappearance of the first satellite at 8h. 28m. 53s. p.m. 
On the 24th an eclipse reappearance of the second satellite 
at 10h. 22m. 34s. p.m. On the 28th a transit egress of the 
shadow of the third satellite at 10h. 18m. p.m. On the 
29th a transit ingress of the first satellite at 9h. 46m. p.m., 
and of its shadow at 10h. 50m. p.m. On the 30th an 
eclipse reappearance of the first satellite at 10h, 24m. 25s. 
P.M. 

Saturn is an evening star and is getting into a favourable 
position for observation, though he does not rise to any 
very great altitude above the horizon. On the 1st he rises 
at 8h. 28m. p.m., or about two hours after sunset, with a 
southern declination of 10° 51’, and an apparent equatorial 
diameter of 18?” (the major axis of the ring-system being 
431” in diameter, and the minor 13}’’). On the 11th he 
rises at 7h. 45m. p.m., or one hour after the Sun, with a 
southern declination of 10° 36’, and an apparent equatorial 
diameter of 19" (the major axis of the ring-system being 
435" in diameter, and the minor 13”). On the 20th he 
rises at 7h. 5m. p.m., or about sunset, with a southern 
declination of 10° 23’, and an apparent equatorial diameter 
of 19” (the major axis of the ring-system being 433” in 
diameter, and the minor 13”). On the 30th he rises at 
6h. 23m. p.m., with a southern declination of 10° 7’, and 
an apparent equatorial diameter of 19’’ (the major axis of 
the ring-system being 43}” in diameter, and the minor 
122”). Titan is at his greatest eastern elongation at 6h. 
p.M. on the 15th ; and Iapetus at western elongation about 
11h. a.m. on the 3rd, and in superior conjunction at 8h. 
p.M. on the 23rd. During April, Saturn pursues a short 
retrograde path in Virgo, without approaching any con- 
spicuous star. 

Uranus is an evening star, and but for his great southern 
declination would be well situated for observation. He rises 
on the Ist at 9h. 54m. p.m., with a southern declination 
of 173°, and an apparent diameter of 3:8’. On the 30th 
he rises at 7h. 58m. p.m., with a southern declination of 
16° 56’. During April he describes a short retrograde 
path in Libra. 

Neptune is still an evening star, but must be looked for 
as soon after sunset as possible. He sets on the 1st at 
10h. 10m. a.m., with a northern declination of 20° 59’, 
and an apparent diameter of 2°6”. On the 30th he sets 
at 10h. 20m. p.m., with a northern declination of 21° 6’ 
During the month he describes a short direct path to the 
south-west of « Tauri. A map of the small stars near his 





path will be found in the English } Mechanic + te Sienibin 
7th, 1894. 

Shooting stars are fairly plentiful in April, the best- 
marked shower being that of the Lyrids, with a radiant 
point in R.A. 18h. + 33°. The radiant point rises on the 
evenings of the 19th and 20th, when the maximum occurs, 
at about 6h. 27m. p.m., and souths at 4h. 8m. a.m. 

The Moon enters her first quarter at 9h. 28m. p.m. on the 
2nd; is full at 1h. 43m. p.m. on the 9th; enters her last 
quarter at 11h. 22m. p.m. on the 16th; and is new at 
1h. 11m. a.m. on the 25th. She is in perigee at 5h. a.m. 
on the 7th (distance from the earth 226,220 miles), and 
in apogee at 1h. a.m. on the 19th (distance from the earth 
251,370 miles). 

Erratum.—In “ Face of the Sky”’ for February and 
March the equatorial semi-diameters of Saturn were 
inadvertently given for the equatorial diameters. 








Chess Column. 
By 0. D. Loooos, B.A.Oxon. 





Communications for this column should be addressed to 
C. D. Lococx, Burwash, Sussex, and posted on or before 
the 12th of each month. 


Solutions of March Problems. 
No. 1 (E. Orsini). 
Key-move—1. R to Kt4. 


1 - KxR, 2. Q to R5dch. 
cements 6) 2. Rx Pech. 

1....KéxK, 2. Kt to Qieh. 
1... PxKt, 2 Kt to Q3ch. 


Correct Soxtutions received from N. Alliston, F. V. 
Louis, E. W. Brook, A. Louis, W. Willby, J.T. Blakemore, 
Alpha. 

No. 2 (A. C. Challenger). 


1. Kt to Q4, and mates next move. 


Correct Soxutions received from N. Alliston, G. G. 
Beazley, F. V. Louis, E. W. Brook, A. Louis, W. Willby, 
J. T. Blakemore, Alpha. 


F. G. Ackerley.—If 1. KtxR, Black replies 1....B 
to K4, or P to B4. 


W. Brigstocke-——See objection above. In the three- 
mover, after 1. KtxB, QxQ; 2. KtxQ, Black replies 
&..« Pees 


PROBLEM. 
By J. T. Buakemore. 


a 2 a a 
mi a ns | 
—— a. a. a 
ae an iw 
a: y sae 

a a 
a 
White mates in two moves. 
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OHESS INTELLIGENCE. 


The match between Mieses and Teichmann, played last 
month at the British and Metropolitan Chess Clubs, 
resulted in a win for Teichmann by 4 games to 1, with 1 
draw. 

Herr von Bardeleben will commence a match with 
Mr. Blackburne at the British Chess Club, on April 22nd. 
A return match between Albin and Showalter, two of the 
leading American players, is also expected. 

The Surrey v. Kent match resulted in a score of 7! 
each, one unfinished game awaiting adjudication. Should 
this be decided in favour of the Surrey player, his county 
will have to replay their match with Sussex. 


The match by telegraph between the British Chess Club 
and the Manhattan Club, New York, took place on 
Saturday, March 9th, at the Victoria Hall, Criterion. 
Play began at 4 p.m. and continued, with half an hour’s 
interval, till 11.30. Mr. Lasker was umpire. As the 
only two games finished were drawn, the London club 
proposed to draw the whole match ; and this was eventu- 
ally agreed to. The teams were— 


BRITISH. MANHATTAN, MovEs. 
1. Rev. J. Owen. S. Lipschiitz. 24. 
2. L. Hoffer J. W. Showalter 21, 
8. C. D. Locock A. B. Hodges 28. 
4. D.Y. Mills 3 D. G. Baird + 26. 
5. F.W.Lord 3 Major Hanham 4} 19. 
6. <A. Guest I. Ryan 21. 
7. J. Mortimer Dr. Isaacson 80. 
8. H. W. Trenchard J. W. Baird 26. 
9. J. T. Heppell Dr. Simonson 26, 
10. A. Hunter EK. Devisser 26. 


The American players had the move at the odd-numbered 
boards. Of the unfinished games, the London club had 
probably slight advantages at boards 1, 8, and 9. On 
the other hand, they had decidedly the worst of it at board 
No. 10. Still they had rather the best of the play all 
round, and it would have been extremely unfortunate if the 
umpire, after adjudicating a lost game to London on the 
last board, had not seen his way to proving a won game on 
any of the other boards. 

The telegraphic code used was an abbreviated form of 
the German notation. Its novelty led to some errors in 
cabling, notably at board No. 5. In spite of statements 
to the contrary, it is clear that the telegraph did not work 
so quickly as was expected. Assuming that all the players 
kept within their time-limit of twenty moves an hour, it 
can easily be shown that the average time occupied between 
the making of a move and its receipt on the opposing 
board was no less than four and a half minutes: certainly 
not the ‘few seconds’’ given in some accounts.’ Things 
would, no doubt, work better on a future occasion. As it 
was, the event was an interesting novelty, being the first 
team match ever played by cable; nor is it likely to be 
the last. 

Col. Ryan requests us to state that the time for sending 
in problems for his tournament, mentioned in this column 
a short time ago, has been extended to April 1st for 
English competitors, May 1st for the rest of Europe, and 
June 1st for other parts of the world. Problems must be 
three-move direct mates, in the shape of some letter of the 
alphabet. Messrs. Laws and Rayner will be the judges. 
All entries should be sent to the ‘‘ Chess Editor,” Leeds 
Mercury Supplement, Leeds. 

We regret to atinounce the death of Mr. W. N. Potter, 
formerly Chess Editor of Land and Water, and one of the 











finest players in England. Also of Mr. G. C. Heywood, 
of Newcastle, who played at board No. 7 in the North v. 
South match last year. Lord Randolph Churchill was 
one of the founders of the Oxford University Chess Club, 
and a member of the St. George’s Chess Club till the day 
of his death. 


The Art of Chess. By James Mason (Horace Cox).— 


This is a continuation of the same author's Principles of 


Chess, which was so successful last year. The first hundred 
pages consist of end-games, rather more advanced than 
those given in the earlier work. The second part consists 
of about one hundred and fifty diagrammed positions from 
actual play, illustrating successful combination. Together 
with the fifty which were given in the Principles, they 
should form a storehouse of imaginative brillancy from 
which any attentive reader ought to be able to assimilate 
much that is useful in the difficult art of winning won 
games. We notice that ‘while the fifty examples of 
‘‘combination” in the Principles were culled exclusively 
from recent master-play, in the more recent work such old 
masters as Morphy and Anderssen are fully represented. 
Evidently modern match-play is not capable of unlimited 
brilliancy. The third and concluding portion of the treatise 
consists of a short study of the openings. Here the author 
has availed himself of the principle of selection, not only 
in the variations of particular openings, but to some extent 
also in the openings themselves. The Bishop's opening, 
for instance, finds no place, nor the Three and Four Knights’ 
Game, except as an off-shoot of the Ruy Lopez. Still, 
within its own limits, this portion of the work is both 
concise and useful. It remains only to add that the work, 
which contains a portrait of the author, is handsomely 
bound, and is published at 5s. (net). It is a book to be 
recommended, more especially as an appendix to the former 
and less expensive work. 
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